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Detection and treatment of bacterial kidney disease (BKD) 
was investigated.  Experiments were conducted to evaluate the 
quantitative, fluorescent antibody technique (QFAT) that  is used 
to  detect,  identify,  and quantify both  typical  and  'bar  form° 
Renibacterium salmoninarum cells.  Smears of kidney tissue from 
naturally  and  artificially  infected  salmonids,  both  with  and 
without chemotherapy, were quantitatively examined throughout 
the course of R.  salmoninarum  infections.  Detection  and 
quantification by QFAT has been reported to provide assessments 
of prevalence and severity of R.  salmoninarum of individual fish. 
These assessments and  the  occurrence  of  'bar  forms°  of R . 
salmoninarum have been used as an indication of recovery within 
a population.  'Bar forms' were observed in kidney tissue smears 
of  fish  that  survived  bacterial  challenge when  treated  with 
erythromycin.  The 'bar form' was also detected when rainbow trout  were  artificially  infected  with  lower doses  of  live R . 
salmoninarum and in  fish  that were injected with irradiation-
inactivated R. salmoninarum cells.  By examining R. salmoninarum 
cultures in vitro by QFAT, it was determined that 'bar forms° did 
not  occur  on  artificial  media  even  when  antibiotics  were 
incorporated into the agar.  When QFAT was compared to direct 
fluorescent antibody technique (DFAT) and quantitative enzyme 
linked immunosorbent assay (ELISA),  it  was determined  that 
QFAT had similar sensitivity  as ELISA but was more sensitive 
than DFAT. QFAT was also used to predict minimum mortality. 
Experiments were also conducted to evaluate drug regimes 
to treat both artificial and natural R.  salmoninarum  infections. 
Erythromycin was administered by  intraperitoneal  injection  in 
different doses and at selected days post infection.  Erythromycin 
decreased percent mortality and increased mean day to death, but 
did not completely eradicate R.  salmoninarum from infected test 
animals.  Sarafloxacin and erythromycin were incorporated into 
daily ration  of artificially  infected  test  animals.  Contrary to 
erythromycin, sarafloxacin did not decrease mortality or increase 
mean day to death when tested in vivo against R.  salmoninarum. 
A new drug, A-77143, was tested in vitro to determine if  it was 
bactericidal and its minimum inhibitory concentration.  When A­
77143 was compared to other antibiotics,  it had a relatively low 
minimum  inhibitory  concentration  and  was  shown  to  be 
bactericidal against the eight strains of R. salmoninarum tested. Assessment of the
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INTRODUCTION
Renibacterium  salmoninarum, the  causative  agent  of 
bacterial kidney disease (BKD), is an important pathogen of Pacific 
salmon and trout.  Currently there is no approved and completely 
effective chemotherapy for this  disease.  There has also been a 
problem with detection, quantification, and the  ability  to  assess 
mortality due to BKD. 
Studies  were  conducted  to  evaluate  selected  treatment 
regimes  using  erythromycin  against  R.  salmoninarum in 
artificially and naturally infected salmonids.  Other experiments 
compared erythromycin with sarafloxacin.  Sarafloxacin, an aryl­
fluoroquinolone, has been tested in vitro and was demonstrated to 
have some antimicrobial activity against R.  salmoninarum. A new 
drug from Abbott Laboratories (North Chicago IL) was tested in 
vitro to determine if it  is bactericidal and at what concentrations 
it is effective against R. salmoninarum. 
For the detection of R.  salmoninarum,  the  quantitative, 
fluorescent antibody technique (QFAT) has been suggested to have 
the capability of assessing the state of an infection in a  population 
and for detection of the 'bar form' as a possible sign of recovery. 2 
The conditions under which the R.  salmoninarum 'bar form' occur 
has not been clarified and its importance has not been completely 
determined. 
Because the significance and relevance of 'bar forms' have 
only been hypothesized, experiments in vitro were done to clarify 
the determinants in the creation of the 'bar form'.  Renibacterium 
salmoninarum was grown under various environmental conditions 
on  selected  media.  The  in  vivo  experiments  assessed  the 
importance  of  the  presence  of  antibiotics,  artificial  infection 
dosages, and the host response in the formation of 'bar forms' and 
recovery from BKD.  Killed cells with their surface antigens still 
intact were intraperitoneally injected into rainbow trout to help 
determine under what conditions 'bar forms' were detected. 
From samples  of  the  fish  in  a  population  of naturally 
infected chinook salmon, the detection capabilities of QFAT, ELISA, 
and DFAT were compared.  Also during this natural infection, the 
QFAT was performed to determine if minimum mortality could be 
predicted. 3 
LITERATURE REVIEW
The literature pertaining to bacterial kidney disease (BKD) of 
salmonid fishes has been reviewed by Fryer and Sanders (1981) 
and Elliott and Bari la  (1987).  This review summarizes current 
findings  and  provides  a  perspective  on  the  pathogenesis, 
diagnosis, and control measures for the disease. 
Historical Background 
Bacterial kidney disease, originally called Dee disease, was 
first described in 1930 from Atlantic salmon (Salmo  salar) in 
Aberdeenshire Dee and the river Spey in Scotland (Smith 1964). 
In the United States this disease was first reported by Belding and 
Merrill (1935) in brook (Salvelinus  fontinalis), brown (Salmo 
trutta), and rainbow trout (Oncorhynchus  mykiss) from a hatchery 
in  Massachusetts.  Bacterial  kidney  disease  is  now found 
throughout the world where members of the family Salmonidae, 
the  natural  hosts  occur.  Chinook salmon (Oncorhynchus 
tshawytscha) are  probably  the most susceptible  species  and 
rainbow  trout  are  apparently  the  most  resistant  (Fryer  and 
Sanders  1981). 4 
Causative Agent and Pathology 
Renibacterium  salmoninarum is a small (0.3-1.5 lam by 0.1­
1.1 rim), strongly gram-positive, nonsporulating rod that is neither 
acid-fast  nor  motile.  Bacterial  kidney  disease  is  generally 
regarded as  a chronic to subacute infection of salmonid fishes. 
Although the  disease may occur over  a wide range of water 
temperatures,  it  is  most severe  in  steelhead (Oncorhynchus 
mykiss) and coho salmon (Oncorhynchus kisutch) during periods 
of water temperatures in the range of 7°C to 12°C (Sanders et al., 
1978). 
External pathology of BKD is  variable and when observed, 
occurs  primarily  during  the  terminal  stages  of  the  disease. 
Exopthalmia,  abdominal  distention,  superficial  blebs,  petechial 
hemorrhages,  and abscesses,  of  the  body  surface  have been 
reported (Hendricks and Leek 1975). 
Bacterial kidney disease is usually a systemic infection with 
a marked affinity for kidney tissue.  During early stages of the 
disease,  small grayish-white lesion(s) may be observed beneath 
the capsule of the kidney.  As the disease progresses, the number 
and size of lesions increase and the kidney becomes swollen.  In 
advanced cases  the  whole kidney becomes enlarged,  grayish-
white, and necrotic.  However, lesions on other internal organs 
such as the liver and spleen are often found (Wood and Wallis 
1955).  Petechial  hemorrhage  of  the  muscles  lining  the 5 
peritoneum are the most characteristic lesions in Atlantic salmon 
(Smith 1964). 
Pathogenicity 
The pathogenesis of BKD is not well described, but there are 
several characteristics of R.  salmoninarum which may contribute 
to  its  virulence.  Bullock et  al.  (1974) reported  that  antibiotic 
treatment only suppressed the disease and when treatment was 
discontinued, the progress of infection resumed.  This observation 
might  be  attributable  to  intracellular  survival  and  perhaps 
replication within macrophages (Young and Chapman 1978) where 
the bacterium may be protected from chemotherapeutic agents 
and the immune response of the host. 
Daly and Stevenson (1987) studied 25 isolates from diverse 
geographical  locations  and  showed  that  R.  salmoninarum 
possessed a hydrophobic cell  surface.  Recently, Dubreuil et al. 
(1990) showed that R.  salmoninarum possessed  peritrichous 
fimbriae and suggested that the fimbriae on the surface of R . 
salmoninarum are responsible for  its haemagglutinating activity. 
Also, the fimbriae of R.  salmoninarum may be a virulence factor 
by  increasing  the  hydrophobicity  of  the  bacterial  cells  and 
allowing them to  be taken up more readily by macrophages. 
Dubreuil  et al. (1990) also demonstrated that R.  salmoninarum is 
encapsulated that could contribute to its virulence. 6 
Perhaps the most important factor  that  contributes  to  its 
virulence was first described by Getchell  et al. (1985) during a 
comparative study on the antigenic composition of selected R. 
salmoninarum isolates.  Getchell showed by cross adsorption 
analysis  that  antigen F was the major surface  antigen of R. 
salmoninarum.  This antigen was heat stable and its molecular 
weight was estimated to be 57 kDa.  This is  in agreement with 
Bruno (1990) who showed saline extracts of virulent  strains  to 
contain a 57 kDa protein which was not present in extracts of low-
virulence, non-hydrophobic  strains.  This  extracellular  protein, 
now termed p5'7,  has been associated with immunosuppression 
(Turaga et al.  1987), hemagglutination (Daly and Stevenson 1990), 
and leukoagglutination (Weins and Kaattari 1991). 
Chemotherapy 
Bacterial kidney disease is among the most difficult of the 
bacterial  fish pathogens  to  control.  Wolf and Dunbar (1959) 
tested 34 therapeutic agents on 16 strains of R.  salmoninarum. 
They concluded that erythromycin fed at the rate of 100 mg per 
kg of fish for 21 consecutive days gave the best results in eastern 
brook trout (Salvelinus  fontinalis).  Their data suggested that 
erythromycin (crystalline form) effectively cured the  disease  in 
50 percent of the treated fish.  However, toxic effects in fish have 
been attributed to erythromycin thiocyanate at 100 mg per kg of 
fish  per day (Piper  1961).  Under both laboratory and field 7 
conditions, erythromycin fed at the rate of 10 g per 100 kg of fish 
per day for 21 consecutive days gives the best control; however,  it 
is incomplete (Bullock et al.  1974). 
Austin  (1985) compared 79  antimicrobial compounds  in 
vitro and  11  agents  in  vivo.  It was found that clindamycin, 
erythromycin, kitamycin, penicillin G, and spiramycin could be 
used successfully for combating early clinical cases of BKD in 
rainbow  trout.  His  study  demonstrated  that  renibacteria  are 
sensitive to a wide range of compounds in vitro.  Eleven of 79 
antimicrobial compounds demonstrated  in  vivo  efficacy when 
administered in medicated food for 10 days prior challenge.  Most 
drugs were effective in preventing disease when given at 25 mg 
per kg body weight of fish per day.  Rifampicin was effective at a 
concentration of 1 mg per kg body weight of fish per day.  In tests 
in which fish were administered medicated diets  10 days after 
infection,  only  penicillin  G  and  macrolides,  specifically 
erythromycin  salts, were successful in reducing clinical  disease 
and  mortality.  Moreover,  the  data  showed  only  marginal 
differences in efficacy of 10-day treatment regime compared to 
21 days treatments as recommended by Wolf and Dunbar (1954). 
Mortality  occurred  during  the  initial  stages  of  the  therapy, 
possibly because sufficient levels of drug had not yet reached the 
infected tissues.  At the conclusion of the experiment, 56 days 
post  infection,  small  numbers  of  asymptomatic  carrier  fish 
persisted.  Conceivably, these fish could serve as a reservoir for 
further disease transmission (Austin 1985a). 8 
Erythromycin 
Despite many years  of research,  the development of an 
effective strategy for prevention and treatment of BKD has not 
been developed.  Erythromycin has been used more extensively 
than  other chemotherapeutic agents and  it  is  the  antibiotic  of 
choice for prophylaxis and chemotherapy of BKD (Moffitt and 
Bjornn  1989).  Erythromycin, however, has not received FDA 
approval for use in fish, and, consequently there is no approved 
therapy for BKD. 
Doses  and  chemical  forms  for  oral  administration  of 
erythromycin  to  juvenile salmon have been  studied;  however, 
chemotherapy does not eliminate R.  salmoninarum from all fish 
(Wolf and Dunbar  1959;  Austin  1985).  Wolf and Dunbar 
concluded that erythromycin fed at the daily dose of 100 mg per 
kg  of  fish  for  21  consecutive  days  decreased BKD-related 
mortality, but often did not completely eradicate the bacterium. 
Groman and Klontz (1983) reported reductions in the mortality of 
adult  chinook  salmon  following  injection  of  erythromycin 
phosphate and recommended a dose of 11 mg per kg of fish body 
weight. 
Erythromycin therapy for the control of BKD has been used 
at Oregon Department of Fish and Wildlife (ODFW) hatcheries. 
Strategies vary among facilities depending on the goals of the 
facility.  Adult brood fish receive from 1  to 3 injections of 11 to 22 
mg erythromycin per kg fish body weight.  Juvenile fish (less than 9 
1 gm is  size)  are fed erythromycin incorporated into the daily 
ration at a dose of 100 mg erythromycin per kg fish body weight 
for 21  days.  A second 21 day regime of medicated feed  is 
administered  40  to  60  days  after  completion  of  the  first 
treatment.  Application of this feeding regime at the ODFW Cole 
Rivers Hatchery  (Trail, OR) has increased both returns  to  the 
facility and survival of smolts following transfer  to  salt water 
(Evenson 1982). 
Sarafloxacin 
Quinolones such as oxolinic acid and norfloxacin are active in 
vitro  against  a wide range of gram-negative  bacilli,  but  are 
essentially inactive against gram-positive bacteria.  After clinical 
use, there was a rapid emergence of resistant mutants limiting the 
practical  use  of  these  drugs  (Fass  1985).  These problems 
stimulated investigation into the development of new quinolone 
antibacterial agents.  Advances have led  to  the synthesis of a 
number of new analogs with improved intrinsic  antimicrobial 
activity,  including  activity  against  gram-positive  organisms 
(Moellering 1987). 
Fluoroquinolone antimicrobial agents are bactericidal.  These 
drugs are thought to inhibit the A subunit of DNA gyrase, a type-
II topoisomerase which is  essential for DNA replication (Kayser 
1985).  Quinolones penetrate intracellularly into phagocytic cells 10 
and therefore allow them to be effective in intracellular killing of 
bacteria (Easmon 1983). 
Sarafloxacin  is  a new aryl-fluoroquinolone  antimicrobial 
agent and is  structurally similar to norfloxacin except for a p­
fluorophenyl  substitute  at  position  1.  In  vivo and  in  vitro 
evaluations of sarafloxacin have been reported (Fernandes  et al. 
1986; Stamm et al.  1986).  In vitro, sarafloxacin, showed potencies 
and broad-spectrum  activities  against  gram-positive and gram-
negative  bacteria.  Sarafloxacin  and  other  recently developed 
quinolones have significantly  better  activity  in  vivo than  the 
previously used quinolones such as oxolinic acid and norfloxacin. 
Specifically, sarafloxacin and other recently developed quinolones 
have the advantages of lower minimum inhibitory concentrations, 
longer  half-life,  and  higher peak serum  levels.  The exact 
therapeutic  value  of  fluoroquinolones, compared with  that  of 
other antimicrobial drugs, should become clearer as comparative 
efficacy studies are performed. 
Other Control Measures 
Procedures  that  might  reduce  horizontal  and  vertical 
transmission of R. salmoninarum have been tested.  Although little 
work has been done on horizontal transmission,  it probably plays 
an important role  in  infecting  naive  fish  in  the same water. 
Transmission studies have shown that infections spread to healthy 
fish from infected fish both in freshwater (Mitchum and Sherman 11 
1981, and Bell  et  al.  1984)  and  in  seawater (Evelyn  1988). 
Bullock et al. (1980) and Austin and Rayment (1985) showed that 
freshwater  supplies contaminated with R.  salmoninarum in the 
feces of fish can be a source of infection.  Because these studies 
showed that the bacterium has an affinity for organic, particulate 
matter and can survive for  several weeks in  the environment, 
disinfection or sterilization of water supply has potential use in 
elimination  of pathogens from water.  Prevention  of disease 
dissemination throughout a rearing site by elimination of bacterial 
pathogens  in  reused  water,  and  treating  hatchery  effluent  to 
protect  downstream  sites  and  the  river  environment  is  an 
essential step in controlling the horizontal transmission of BKD 
(Wedemeyer and Nelson 1977). 
There have been few reports of effectiveness of controlling 
BKD by disinfecting or sterilizing water supplies.  Disinfection of 
effluent by ozination was tested by Austin  et al.  (1983) who 
reported that low concentrations were effectively killed all the R. 
salmoninarum in the effluent.  Another method of sterilization is 
ultraviolet  irradiation which was reported by Flatow (1981) to 
control gram-positive bacteria.  Horizontal transmission is not well 
understood and that more studies are necessary to determine if 
disinfection or sterilization is effective for controlling BKD in water 
supplies. 
Procedures which do not use antibiotics but might reduce 
the vertical transmission of R.  salmoninarum have been tested. 
One of these, brood stock segregation is a technique that has been 12 
used in attempts to control other infectious diseases of salmonids 
(Mulcahy 1983).  Sperm and eggs are either held separately or 
fertilized and incubated apart from other family groups until the 
appropriate tests are performed for the presence of the pathogen. 
The progeny  or  gametes from  infected  individuals  are  then 
destroyed and the uninfected progeny or gametes are pooled and 
reared.  The ability  to  successfully detect and segregate brood 
stock and cull progeny  is  dependent on the  selection  of the 
spawning fish and also upon the ability to detect R.  salmoninarum. 
Klontz (1983) and Evelyn et al. (1986a) concur that the effort to 
segregate brood stock  should be concentrated  on  the  female 
because the male plays a minor role in vertical transmission of R. 
salmoninarum. Renibacterium  salmoninarum located in the 
coelomic  fluid  (Evelyn  et al. 1984) and  a  high  concentration 
(Evelyn  et al. 1986b) of R.  salmoninarum within tissues of the 
adult female increases  the  possibility  of vertical  transmission. 
Methods  such  as  the  enzyme-linked  immunosorbent  assay 
(ELISA) and fluorescent antibody technique (FAT) should provide 
a means of examining larger number of brood fish in a shorter 
period of time than  is  possible by more conventional methods 
such as culture and Gram stain. 
Prevention of the disease could also be accomplished with 
the development of a BKD vaccine.  Paterson et al.  (1985) and 
McCarthy et al. (1984) evaluated the efficacy of several bacterins 
against BKD in salmonids.  Results indicated that the response was 
dependent on the method of immunization.  Salmonids were able 13 
to  elicit  an antibody against R.  salmoninarum  bacterins,  but 
protection was not demonstrated (Bruno 1987).  There is evidence 
that protective immunity might depend on the nature of the R . 
salmoninarum selected for a vaccine (Turaga et al.  1987).  Also 
the  species  of fish might affect  the  success  of immunization 
program.  Evelyn et al.  (1988) speculated that the fish  of the 
genus Oncorhynchus may be intrinsically incapable of mounting a 
protective immune response to R.  salmoninarum compared to that 
reported for the genus Salmo. 
Detection and Diagnosis of Bacterial Kidney Disease 
Historically,  diagnosis  of BKD and determination  of R. 
salmoninarum prevalence was achieved by characteristic  clinical 
signs  and  the  observation  of  gram-positive  coccobacilli  by 
microscopic examination of kidney tissue.  The reliability of these 
techniques  is  impaired by morphologically similar  bacteria,  the 
presence  of melanin granules (Chen  et al.  1974), and lack of 
macroscopic pathology.  Investigators have relied on the relatively 
insensitive results from gram-stained tissues,  mortality, presence 
of  characteristic  clinical  signs,  and mean day  to  death  for 
confirmation  and  determination  of  disease  prevalence  and 
severity. 
Some problems of diagnosis, assessment of prevalence and 
disease severity have been resolved with improved techniques for 
isolation and culture of R.  salmoninarum (Evelyn 1977, Daly and 14 
Stevenson 1985).  Renibacterium  salmoninarum is fastidious and 
has an absolute requirement for cysteine.  Numerous media have 
been developed for its  cultivation, but probably the most widely 
used is KDM-II (Evelyn 1977).  After incubation at 15°C for 20 
days, R.  salmoninarum is present as shiny, smooth, round, raised 
colonies on agar medium.  Upon primary isolation, more than six 
weeks incubation may be  necessary  prior  to  visible  growth. 
Generation times of 18 hours or more hampers diagnostic and 
experimental work.  The selective kidney disease medium (SKDM) 
(Austin  et  al.  1983)  has  proved  useful  for  isolating R  . 
salmoninarum from infected  tissue  contaminated with  other 
bacteria. 
Slow growth of the organism makes culturing impractical for 
rapid diagnosis.  This difficulty of culturing R.  salmoninarum has 
stimulated development of alternative diagnostic procedures.  The 
immunodiffusion test for BKD was developed (Chen et al.  1974). 
This test  is more rapid than cultivation and more reliable than 
Gram stain.  Diagnosis is based of specific precipitation lines and 
takes no more than 24 h.  However, it  is  relatively insensitive 
(Fryer and Sanders 1981, Kimura and Yoshimizu 1981a b, Cipriano 
et al. 1985, Pascho et al. 1987, Sakai et al.  1987). 
The development of indirect fluorescent antibody technique 
(IFAT) (Bullock and Stuckey 1975, Mitchum et al.  1979, Paterson 
et al.  1979, Laid ler 1980) and direct FAT (DFAT) (Bullock et al. 
1980) improved BKD diagnosis.  The DFAT is used for detecting 
asymptomatic BKD (Bullock and Stuckey 1975).  Because this 15 
method can detect a low concentration of cells per g of kidney 
tissue,  it  is  most  commonly  used  for  disease  diagnosis, 
surveillance, and evaluation of treatment.  The DFAT can be used 
for  examining  relatively  large numbers  of  fish  and  is  more 
sensitive  than  the  Gram  stain,  detecting  R.  salmoninarum 
concentrations as low as 104 cells per g kidney tissue compared 
with 106 to 109 cells per g kidney for the Gram stain (Bullock et 
al.  1980, Sakai et al.  1987).  Further refinements, such as  the 
concentration procedure used by Elliott and Bari la (1987), of the 
DFAT permitted the detection and quantification of small numbers 
of  bacteria  (<102 cells per ml) in the coelomic fluid of adult 
salmonids. 
Another test,  the staphylococci coagglutination technique of 
Kimura and Yoshimizu (1981a b), has sensitivity equal to that of 
the DFAT (Fryer and Sanders  1981, Sakai  et al.  1987).  This 
method utilizes  specific  anti-R.  salmoninarum antibody  coated 
staphylococcal cells which are reacted with the supernatant from 
heated (100°C for 30 min) kidney tissues.  It does not require 
expensive equipment and is suitable for use in field conditions. 
Several  researchers  have  developed  rapid  enzyme 
immunoassays  for  testing  large  numbers  of  samples  with 
maximum efficiency.  The modified peroxidase-antiperoxidase 
procedure reported by Sakai  et al.  (1987) is  a qualitative  test, 
whereas  the  enzyme-linked  immunosorbent  assay  (ELISA) 
(Pascho and Mulcahy 1987, Turaga et al.  1987) is  quantitative. 
Both are more sensitive  than  the DFAT for  the  detection  of 16 
subclinical  infections  of R.  salmoninarum in tissues and body 
fluids (Pascho et al. 1987, Sakai et al. 1987).  The ELISA has been 
used  to  determine  the  prevalence  of BKD,  to  identify  the 
distribution of R.  salmoninarum infection in salmonid populations 
(Pascho et al.  1987), and to provide a relatively precise measure 
of the impact of potential control strategies. 
In surveillance of BKD, the lack of specificity for detecting R. 
salmoninarum can be a problem (Sakai et al. 1989).  Austin et al. 
(1985) reported that antigens of other bacteria cross reacted with 
antiserum against R.  salmoninarum antigen in serodiagnosis of 
BKD.  The reliability of serological tests was also questioned by 
Paterson  et al.  (1979), when kidney samples from fish  tested 
positive by DFAT but nothing grew on media.  Their explanations 
included the presence of dead cells which retained the ability to 
fluoresce,  anaerobes which would require  specialized  isolation 
procedures, fastidious aerobes, damaged or dormant cells  of R. 
salmoninarum, or even particles which microscopically could be 
mistaken for bacteria.  Thus, there is  a need for more specific, 
monoclonal  antibodies.  Arakawa  et  al.  (1987)  developed 
monoclonal antibodies  against R.  salmoninarum.  However, this 
antibody could be used only for the detection of the antigen with 
the ELISA and not with the DFAT.  Recently, two additional 
monoclonal  antibodies  were  developed,  and  are  useful  as 
immunodiagnostic reagents because of their pan-specificity, and 
non  cross-reactivity  with  other  bacterial  species  and normal 
chinook serum proteins (Weins and Kaattari 1989). 17 
The  development  of  more  sensitive  qualitative  and
quantitative techniques will aid in diagnosis, evaluation of control 
programs, and standardization procedures for BKD research.  Even 
with the development of new tests, there is debate about which of 
the  available  methods  is  most  suitable  for  diagnosing  and 
assessing  the  prevalence  of BKD.  Effective  diagnosis  may 
encompass a multiplicity of methods. 
Quantification of BKD Infection Using QFAT 
Although the  serological  tests  are effective  for diagnosis, 
there  is  a need for the  ability  to quantify R.  salmoninarum 
infections and determine if a population of fish is recovering from 
BKD.  Cvitanich  (1987a)  reported  that  quantification  of R . 
salmoninarum infections may be determined by a quantitative, 
direct FAT (QFAT).  During the development of QFAT, Cvitanich 
observed  R.  salmoninarum 'bar forms' which he believed to 
represent a direct manifestation of a host response and reported 
that 'bar forms' may be a sign of recovery. 
`Bar form' was the term used by Cvitanich to describe a R. 
salmoninarum bacterium that is thought to be modified and can 
be detected by DFAT. A R. salmoninarum cell with typical staining 
morphology has  bright  green fluorescence concentrated around 
the  cell  periphery.  Cvitanich  described  'bar  forms'  as 
characteristically demonstrating an intense staining bar at  either 
the middle or at the end of the cell in which case the bar actually 18 
appears to protrude from the cell.  In  'bar forms', bright green 
fluorescence is concentrated in the bar, dull green fluorescence is 
uniformly distributed throughout the cell, and there  is no bright 
peripheral  fluorescence.  Cvitanich  noted  that  there  can  be 
variability in the size of the  'bar form', bar location, and the 
characteristics of the bar  itself,  but  all  are hypothesized to be 
variations of the same basic structure. 
Since the  first  observation  of 'bar  forms'  in  1983  in  a 
juvenile coho from salt water, they have been observed in tissue 
samples of fish collected from private, state, and federal facilities 
in  Oregon and Washington.  To date  'bar  forms' have been 
detected in all three genera of the family Salmonidae, from the US, 
Canada, and Japan.  'Bar forms' are found in both males and 
females, in fresh and salt water facilities, in antibiotic-treated and 
untreated  fish,  and  at  all  stages  of development from fry  to 
spawning adults (Cvitanich 1987b). 
The QFAT has the advantage of allowing assessment and 
quantification  of  'bar  form' development and has  a  reported 
sensitivity equivalent to ELISA.  To perform QFAT, entire kidneys 
are homogenized and confluent cellular smears are prepared so 
that a microscope field can be defined.  Staining qualities are 
improved if xylene is used to treat smears prior to staining with 
fluorescein-labeled  rabbit  anti-R.  salmoninarum for 1 hour.  As 
many as 300 defined fields  are examined using both 400x and 
1000x magnification (Cvitanich 1987b). 19 
Observations  that  indicate  that  'bar  forms',  and  their
associated structures (fragments and debris sacs) represent host-
affected R.  salmoninarum cells that are possibly rendered non-
virulent and non-viable are: 
1)  Fish that die from BKD have no or fewer than 0.1% detectable 
'bar forms'. 
2)  Repeated attempts to culture 'bar forms' on numerous media 
formulations have been unsuccessful. 
3)  General observations over the course of an outbreak indicated 
that 'bar forms' deteriorate with time; they have a reduction and 
variability in size, weaker staining properties, what appears to be 
their conversion to fragments, and an association with debris sacs. 
4)  Transformation from normal R.  salmoninarum cells to 'bar 
forms' may occur  spontaneously  or may be  associated  with 
oxytetracycline or erythromycin treatments.  In these cases, there 
is  no further progression in  the infections and fish  appear to 
recover (Cvitanich 1987b). 
Usually, coho and chinook salmon with infections  greater 
than 1000 R.  salmoninarum per 100 defined QFAT fields (1000 R. 
salmoninarum /100  oil  immersion  (1000x)  fields  (OIF)  are 
expected  to  die  within  a  4 month  period.  This  infection 
approximates  107-108 R.  salmoninarum per gram of kidney.  In 
the  exceptional  case  when  greater  than  25%  of  the R  . 
salmoninarum are  'bar forms', the fish  is expected to recover. 
When recovery does occur, it  is usually when infection is less than 
1000 R.  salmoninarum per 100 defined QFAT fields (Cvitanich 20 
1988).  If 'bar forms' represent dead or dying bacteria, they could 
be used for markers of fish recovery from infection. 
The QFAT is relatively time consuming, but might provide 
data by assessing  fish  populations  at  various  sampling times. 
Quantification of typical and 'bar form' R.  salmoninarum could 
allow assessment of not only R.  salmoninarum prevalence, but 
possibly,  1) severity levels in individual fish, 2) the percent 'bar 
forms'  among  those  same  fish  which  might  allow  for 
determination of the degree of host response, 3) the percent of the 
population which could be  terminally  affected,  and  4)  what 
proportion (percent) of the population which may benefit from 
treatment (Cvitanich  1987a). 
Recognizing 'bar forms', and using the QFAT system requires 
some experience.  However,  the  ability  to  qualitatively  and 
quantitatively determine R. salmoninarum changes directly within 
the host might be important.  It  could be used for assessing 
pathogenesis,  effects  of experimental  treatments,  and perhaps 
recovery from BKD (Cvitanich 1987b). 21 
METHODS AND MATERIALS 
Growth Curve of Renibacterium salmoninarum Strain 33209 
The growth of R.  salmoninarum strain 33209 was initiated 
to determine the number of colony forming units (CFU) per optical 
density (OD) unit.  Eight, 250 mL Erlenmeyer flasks with 100 mL 
KDM-C (Daly and Stevenson 1985) broth were inoculated with 2 
mL of the Leaburg strain of R.  salmoninarum (ATCC type strain 
33209, pass  24).  All  flasks were continuously  agitated  and 
incubated at 15°C.  At 12 h intervals for eight days, 3 mL of 
culture was aseptically sampled from two flasks.  Optical density 
was measured with  sterile media as  a reference blank using a 
Bausch  and  Lomb,  Spectronic  20  spectrophotometer  at  a 
wavelength of 540 nm.  Colony forming units in the inocula were 
estimated by spreading serial dilutions of the inocula on KDM-II 
(Evelyn 1977) agar plates.  Duplicate plates were prepared, sealed 
with parafilm, and incubated at  17°C.  Plates for each dilution 
were counted and an average CFU was calculated.  Only the plates 
with dilution(s) whose number of colonies ranged between 30 and 
300 were read  and used  for  calculations.  The number of 
generations and the time  it took for the number of bacteria to 
double was calculated for each flask of the eight flasks. 22 
Virulence Determination for  Six  Strains  of Renibacterium 
salmoninarum 
To determine which strain of R. salmoninarum was the most 
virulent for use in artificial infections, six bacterial strains (Table 
1) were intraperitoneally injected into juvenile rainbow trout.  All 
six  strains were grown in KDM-II broth media (Evelyn 1977), 
cultures  were  centrifuged  and  the  pellet  resuspended  in 
phosphate buffered saline (PBS, 0.001 M, pH 7.2) and diluted to an 
approximate optical density of 0.7 (Table 1).  The number of CFU 
per mL in each bacterial suspension used for injection ranged 
from 7.9 x 107 to 4.1 x 108 (Table 1). 
Groups of 30 juvenile rainbow trout that ranged in size from 
17  to 25  g were intraperitoneally  injected  with  the  bacterial 
suspension using a 23G,  inch needle and a  1 mL tuberculin 1 
syringe (Becton Dickinson, Rutherford, NJ).  Each fish received 0.1 
mL bacterial suspension per 20 g of fish body weight.  A negative 
control group of 20 fish was not challenged with R. salmoninarum 
but injected with sterile phosphate buffered saline using similar 
procedures. 23 
Table 1.  Source and quantity of each strain of Renibacterium 
salmoninarum for which virulence was determined. 
Strain  Source 
3 3 2 0 9  ATCC type strain, 
Chinook salmon 
3 3 7 3 9  ATCC type strain, 
Brook trout 
8 4 - 019  Chinook salmon, 
Oregon 
D-6  Coho salmon, 
Oregon 
K-28  Coho salmon, 
France 
3 2 5  Atlantic salmon, 
Norway 
1.  Measured at 540 nm. 
2.  Colony forming units. 
Optical
Densityl
0.73 
0.71 
0.70 
0.72 
0.72 
0.70 
Number of
CFU2/mL
4.1 x 108 
1.56 x 108 
1.88 x 108 
9.5 x 107 
1.91 x 108 
7.9 x 107 24 
Cultures Used for Artificial Infection 
The D-6 strain of R.  salmoninarum was used to artificially 
infect the test animals unless otherwise specified.  This strain was 
determined to be the most virulent of the six strains  that were 
tested.  The inocula were grown in culture as previously described 
until the optical density was approximately 0.7 to yield about 108 
R.  salmoninarum per mL of bacterial suspension.  Purity of the 
inocula was determined by Gram stain and plating on KDM-II 
media.  Colony forming units in the inocula were estimated by the 
procedure previously described. 
Test Animals and Husbandry 
Rainbow trout (Shasta strain), obtained from Oregon State 
University Food Toxicology and Nutrition Laboratory (FTNL), were 
used  as  test  animals  unless  otherwise  specified.  The FTNL 
maintains  specific-pathogen-free  fish  and  is  a  source of  test 
animals  which  have  not  been  exposed  previously  to  R  . 
salmoninarum.  However, prior  to  all  experiments, randomly 
selected  individuals  were  examined  for  presence  of  R  . 
salmoninarum and other fish pathogens.  Kidney tissue was 
cultured on KDM-II agar and tissue smears were examined by 
direct  quantitative  fluorescent  antibody  technique  (QFAT) 
(Cvitanich  1987a,  b).  A random weight  frequency  test  of 25 
individual fish  in each experiment was calculated and standard 
deviation  determined. 
All test animals were maintained in 25 L  or 100 L aquaria at 
the Oregon State University Salmon Disease Laboratory (SDL). 
These aquaria were supplied with a water flow of 2.2 and 3 L per 
minute, respectively.  The SDL is supplied with fish-pathogen-free 
well water  at  an ambient temperature of 12.5°C.  Fish were 
randomly ascribed to each aquaria and were allowed to acclimate 
to  the new environment for  a period of at  least  5 d before 
beginning an experiment.  All treatment groups and negative 
controls were maintained similarly.  Unless otherwise specified, 
fish were fed 2% of their body weight once  a day using the 
appropriate sized Oregon Moist Pellets (OMP) manufactured by 
Bioproducts, Warrenton, Oregon.  If animals became anorexic as a 
result of bacterial infection and 2% of the total weight  was not 
consumed, actual amount of food consumed was recorded.  The 
feeding schedule was adjusted for mortality and random removal 
of test animals. 
Artificial Challenges of Test Animals 
For fish challenges, animals were anesthetized in a solution 
of benzocaine, ethyl-p -aminobenzoate, (Sigma, Cat. No. E-1501) 
dissolved  in 95% ethanol.  Approximately  1.5 mL of a 10% 
benzocaine solution was diluted in 4 L of fresh water.  The 
intraperitoneal (IP) injection challenge was used because it  is the 26 
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most dependable in  artificially producing disease.  Two methods 
were used to intraperitoneally inject test animals.  Method 1  used 
a 23G,  inch needle and a  1 mL tuberculin  syringe (Becton 
Dickinson, Rutherford, NJ).  Each fish received 0.1 mL bacterial 
suspension per 20 g of fish body weight.  Method 2 used a 30G, 
3/8  inch  needle  (Becton  Dickinson,  Rutherford,  NJ)  and  an 
Eppendorf  Repeater  pipette  (Brinkmann  Instruments,  Inc., 
Westbury, NY) with  a  2.5 mL capacity  Combitip  reservoir 
(Brinkmann Instruments, Inc., Westbury, NY).  Each fish received 
50 gL bacterial suspension per fish  unless otherwise specified. 
Method 2 provided a more uniform delivery, was faster and was 
consequently less  stressful for the fish.  Negative control groups 
were injected  with  sterile  phosphate buffered  saline  in  equal 
volumes using the same procedure. 
Diagnostic Procedures 
Severity of BKD infection was determined by a modified 
procedure  of  the  quantitative  fluorescent  antibody  technique 
(QFAT) (Cvitanich 1987a, b).  A confluent smear, a single cell in 
thickness made from the whole, homogenized kidney tissue, was 
prepared for each fish.  Xylene was used as a pre-stain wash step 
to improve staining qualities.  Slides were incubated in  a dark, 
humidified chamber during  staining  procedure.  Smears were 
stained  using  fluorescein-labeled  anti-R.  salmoninarum rabbit 
immunoglobulins which were directly labeled with fluorescein by 27 
the rapid method of Banner et al.  (1982).  The conjugate was 
applied after passage through a 0.45 p.m membrane Acrodisc filter 
(Gelman Sciences, Ann Arbor, MI) and  left  for  15  minutes. 
Phosphate buffered saline was used to wash the slides which were 
left flooded between each step.  Slides were counter-stained for 5 
minutes with 0.01% Evans blue dye diluted in PBS.  After the final 
rinse, slides were blotted dry, buffered glycerol (pH 8.6) applied, 
and a cover slip affixed. 
The slides were observed using a Zeiss standard microscope 
utilizing  an IV Fl epi-fluorescence condenser,  12 V 100 watt 
halogen-tungsten light source, a KP450 excitation filter, a RT510 
chromatic splitter and a LP520 orange barrier filter.  Up to 300 oil 
immersion fields  (OIF)  at 400x or 1000x magnification were 
examined.  The number of typical and 'bar form' R. salmoninarum 
were noted for each fish and recorded as the number of cells per 
100 oil immersion fields (# of R. salmoninarum /100 OIF).  The test 
animal was considered definitively positive for presence of R . 
salmoninarum if one cell was detected during the scan (Figure 1). 28 
Figure 1. A) Renibacterium salmoninarum cell with typical 
staining morphology has bright green fluorescence 
concentrated around the cell periphery, 
B) 'Bar form' demonstrating an intense staining 
bar at the center, and; 
C) at the end of the cell. 
In both 'bar forms', bright green fluorescence is 
concentrated in the bar, dull green fluorescence is 
uniformly distributed throughout the cell, and there is 
no bright peripheral fluorescence. 29
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Data Collection
To  assess  disease  severity  throughout  each  in  vivo 
experiment, fish were monitored daily and dead animals collected. 
For each dead or random sample from live test animal, the fish 
was  weighed,  necropsied,  and  macroscopic  pathology  was 
recorded.  The mean day from exposure to death and percent 
mortality  were  calculated  for  replicates  and  averaged  for 
treatment  and  control  groups.  Statistical  analysis  included 
analysis of variance to determine statistical differences between 
treatment groups.  The QFAT was performed for evaluating the 
prevalence of typical and  'bar form' R.  salmoninarum cells 
observed in tissue smears. 
Survival of Juvenile Rainbow Trout and Tar form' Assessment 
after Artificial Infection with Different Doses of Renibacterium 
salmoninarum 
To determine an experimental challenge dose for the R . 
salmoninarum  strain D-6, rainbow trout were artificially infected 
with different doses of R.  salmoninarum. A 12 d broth culture of 
R.  salmoninarum with an optical density of 0.69 which had 1.58 x 
109 R.  salmoninarum CFU per mL was serially diluted.  The four 
treatment groups consisted of 30 juvenile rainbow trout (10 fish 
in each replicate) with a mean weight of 23.6 g (+/- 0.61 g; n = 
30).  Fish were intraperitoneally injected using Method 2 with 
dilutions of R. salmoninarum ranging from 107  CFU/fish to 102 R. 
salmoninarum CFU/fish.  A negative control group of 20 fish (10 31 
fish  in  each  replicate)  was  injected  with  sterile  phosphate 
buffered saline using the same procedure. 
To determine if and at what point the  'bar form' of R . 
salmoninarum could be observed  in  artificially  infected  test 
animals, live fish were randomly sampled.  Fish were collected, 
three from each treatment, one from each tank, on 19, 43, 86, 107, 
126,  143, and 163 days post inoculation.  Kidney smears from 
individual fish were prepared and evaluated by QFAT. 
Erythromycin Therapy in Artificially Infected Juvenile Rainbow 
Trout 
To determine the efficacy of intraperitoneally administered 
erythromycin for the control of R.  salmoninarum,  artificially 
infected juvenile rainbow  trout  were  injected  with  different 
concentrations of drug at specified days post infection.  A 12 d 
broth culture of R.  salmoninarum with an optical density of 0.7 
had 2.13 x 109 R. salmoninarum CFU per mL which was diluted to 
infect test animals. 
All treatments consisted of groups of 25 juvenile rainbow 
trout  with  a mean weight  of  29.6  g  (n  =  10)  that  were 
intraperitoneally  injected using Method  1  with 5.45 x  107 R . 
salmoninarum CFU per fish.  Dead animals were collected during 
the 61  d duration of the experiment.  Three treatment groups 
received 25 mg of erythromycin phosphate (Argent Chemical 
Laboratories, Cat. No. 8178KD) per kg of fish body weight by 
intraperitoneal administration at 2, 5, and 11 days post infection. 32 
One treatment group received 10 mg of erythromycin per kg fish 
body weight at 11 days post infection.  The positive control group 
was  artificially  infected  with R.  salmoninarum but was not 
administered erythromycin.  Two negative control groups were 
not challenged with R.  salmoninarum; one not administered 
erythromycin, and one was administered erythromycin at  selected 
days post injection were also evaluated. 
Feasibility Testing of Sarafloxacin and Erythromycin in Artificially 
Infected Rainbow Trout and QFAT Analysis of Fish Surviving 
Challenge of Renibacterium salmoninarum 
Sarafloxacin  (A-56620),  an  aryl-fluoroquinolone 
antibacterial (supplied by Abbott Laboratories, North Chicago, IL), 
had been  tested  against R.  salmoninarum in  vitro and was 
demonstrated to have some antimicrobial activity.  To determine 
its  efficacy against R.  salmoninarum in vivo, sarafloxacin was 
orally administered to artificially infected rainbow trout and was 
compared  to  similar  treatments  with  erythromycin.  Non-
medicated and medicated dry diets were formulated and provided 
by Rangen Inc., Aquaculture Research Center, Buhl, ID.  The 
medicated diets had sarafloxacin or erythromycin incorporated to 
deliver 20 mg and 100 mg drug per kg fish body weight per day, 
respectively. 
After 7 days growth the  optical  density of  the  bacterial 
culture was 0.1 and contained 9.4 x 107 R. salmoninarum CFU per 
mL which was diluted to  infect  test  animals.  Each fish was 33 
challenged with 1.66 x 106 R. salmoninarum CFU when injected by 
Method 2  of  intraperitoneal  injection.  Experimental  groups 
contained 50 juvenile rainbow trout (25 in each replicate) with an 
average weight of 19.2 g ( +1- 6.28 g; n = 55).  Test animals were 
fed antibiotic- (sarafloxacin or erythromycin) treated ration for 10 
d starting 1 d post challenge and another group fed 5 d before and 
5 d post challenge.  A positive control group was challenged with 
R.  salmoninarum  and  fed  control  diet  without  antibiotic 
incorporated.  Negative control groups were not challenged with R. 
salmoninarum and were either fed ration containing antibiotic 
(erythromycin or sarafloxacin) or control diet without antibiotic 
incorporated. 
To determine drug availability in food, Abbott Laboratories 
was supplied with samples of medicated diet.  Kidney tissues 
taken  from  treated  and  non-treated  fish  were  analyzed  for 
residual drug concentrations.  Approximately 25 g pooled kidney 
tissue from non-exposed, non-treated,  fish were also provided. 
Approximately 1  g of kidney tissue from each of 10 non-exposed 
treated  fish were taken after  3,  7,  and 10 days of treatment. 
Samples were frozen at -70°C, packaged in dry ice and sent by 
overnight delivery to Abbott Laboratories. 
To determine  if  'bar  forms'  could be observed  in  test 
animals with and without antibiotic  treatment,  the QFAT was 
performed to evaluate the prevalence of typical and 'bar form' R. 
salmoninarum cells in tissue smears.  Random samples of five live 34 
fish were taken at 76, 97, and 115 days post injection and kidney 
tissue smears were evaluated as previously described. 
'Bar form'  Assessment  in  Rainbow  Trout  Intraperitoneally
Injected  with  Irradiation-inactivated  Renibacterium 
salmoninarum 
To determine  if,  and how fast,  intraperitoneally  injected 
dead R. salmoninarum cells are processed through the fish kidney, 
irradiation-inactivated  R.  salmoninarum cells  were injected 
intraperitoneally into rainbow trout.  After 14 days growth, the 
optical density of the bacterial culture was 0.9 and contained 1.65 
x 109 R.  salmoninarum CFU per mL.  It was then exposed to 
Cobalt-60 gamma irradiation  at  the  Oregon  State  University 
Radiation Center for 8 h to give a total of 4.5 Mrads.  The culture 
was kept cold with dry ice to maintain proteins in their natural 
state during irradiation and before injection. 
To determine  if  cells  were  non-viable,  the  irradiated 
bacterial suspension was plated on KDM-II media and examined 
at 14 and 30 days post inoculation.  To determine if 'bar forms' 
were present prior to injection into fish, dilutions of the irradiated 
bacterial suspension were made and added to 0.5  g of known 
negative tissue and QFAT smears were prepared.  Slides were 
evaluated by QFAT to determine the prevalence of typical and 
`bar form' R. salmoninarum cells in tissue smears. 
The two treatments and the negative control consisted of 25 
fish that had an average weight of 31.2 g (+1- 1.3 g; n = 10).  Each 
treatment using Method 2 of intraperitoneal injection received 50 35 
!IL or 500 III of bacterial suspension per fish, or 8.25 x 107 R  . 
salmoninarum CFU/fish or 8.25 x 108 R. salmoninarum CFU/fish, 
respectively.  One group of negative control animals was injected 
with 500 ilL of sterile phosphate buffered saline. 
To determine if  'bar forms' of R.  salmoninarum  can be 
detected in fish tissue when dead cells are injected, five live fish 
from treatment and control tanks were randomly sampled on 3,  6, 
9,  12, and 15 days post infection.  The QFAT was performed to 
determine  the  prevalence  of  typical  and  'bar  form'  R  . 
salmoninarum cells in tissue smears. 
Erythromycin Therapy  in  Spring Chinook Salmon Smolts and 
Comparison of QFAT, ELISA, and DFAT to Assess Prevalence of 
Renibacterium salmoninarum and Predict Minimum Mortality 
To  evaluate  orally  administered  and  intraperitoneally 
injected  drug  therapy  during  a  natural  infection  of R  . 
salmoninarum in chinook salmon,  test  animals were fed  a 
medicated  diet  or  injected  intraperitoneally  with erythromycin. 
For  this  experiment  spring  chinook  salmon  smolts  were 
transported from Oregon Department Fish and Wildlife's South 
Santiam and Dexter hatcheries  to the SDL.  Treatment groups 
consisted of between 55 and 115 test animals with a mean weight 
of 33.3 g (n = 116) for the Dexter fish and 37.8 g (n = 111) for the 
South Santiam fish. 
Drug was incorporated into the diet  at  a concentration of 
4.5% (w/w) and was fed for 21 d at 2% fish body weight daily. 36 
Feeding at this concentration delivered 100 mg erythromycin per 
kg fish body weight per day.  Also, drug was delivered by 
intraperitoneal  injection and compared to  oral  administration of 
erythromycin in  these juvenile salmon.  Erythromycin phosphate 
(Argent Chemical Laboratories,  Cat. No. 8178KD), dissolved in 
phosphate buffered saline, was injected at either 10 mg or 25 mg 
drug  per kg  fish  body  weight.  Control  groups  were  not 
administered  erythromycin. 
This experimental group of test animals was evaluated to 
determine if QFAT was as sensitive in detecting R.  salmoninarum 
infection as DFAT and ELISA.  The DFAT was performed according 
to procedures of Oregon Department of Fish and Wildlife.  The 
technique followed staining procedure of Banner et al. (1982) but 
slides  were scanned for  2 min.  The ELISA was performed 
according to procedures of Turaga et al. (1987).  Random samples 
of test animals were evaluated by the three different detection 
methods and the number of positive samples were compared. 
To determine if QFAT could be used to predict minimum 
mortality  in  a naturally infected population,  the results  of the 
QFAT were compared to  percent mortality  for  the  respective 
groups of fish at Dexter Hatchery.  The percent of positive samples 
that had 'bar forms' detected were calculated and, conversely, the 
percent of positive  fish  that had no 'bar forms' detected were 
calculated. 37 
Determination of the Minimum Inhibitory Concentration of Six
Drugs to Eight Strains of Renibacterium salmoninarum 
The in  vitro  efficacy  of A-77143, an experimental  aryl­
fluoroquinolone (supplied by Abbott Laboratories, North Chicago, 
IL),  was compared  to  that  of  six  other  drugs,  ampicillin, 
oxytetracycline,  erythromycin phosphate,  sarafloxacin,  penicillin 
G,  and  rifampicin  to  determine  their  minimum  inhibitory 
concentrations.  Water, methanol, or methanol-DMSO were used as 
solvents and also incorporated into medium for controls (Table 2). 
Each drug was weighed and dissolved  to  1.0 mg/L with  the 
appropriate solvent and then  filtered through a 0.2 gm sterile 
Acrodisc syringe filter (Gelman Sciences, Ann Arbor, MI).  Selected 
concentrations of drug (Table 2) were added to sterile tubes; 50 
mL of KDM-II agar medium was added and poured into two, four-
quadrant petri  plates. 
Eight strains of R.  salmoninarum were grown in KDM-II 
broth  to  an  optical  density  between  0.38-1.10  to  insure  a 
maximum number of actively growing bacteria (Table 3).  Shown 
in Table 3 are the pass number and the source of each strain used. 
At each drug dilution, 100 gL of each R. salmoninarum strain was 
inoculated onto a plate quadrant and allowed to  absorb before 
incubation at 16°C.  Results of bacterial growth were recorded at 
7,  14, 21, and 33 days post incubation.  The minimum inhibitory 
concentration was defined as  the amount of drug that inhibited 
growth for the majority of the strains per drug dilution. 38 
Table 2.  A list of the drugs that were tested, their manufacturer,
solvent used, and the concentration range tested  for  that drug 
during  in  vitro  testing  to  determine  the minimum inhibitory 
concentration  of  selected  drugs  against  Renibacterium 
salmoninarum. 
Concentration 
Drug Name  Range Tested 
(manufacturer,  lot number)  Solvent  (mg/L) 
A-77143 (Abbott,  121-41-AX)  Water  0.02-5.0 
Sarafloxacin (Abbott)  0.1 M NaOH  0.1-10.0 
Oxytetracycline  DMSO ­ 0.05-5.0 
(Sigma, 05750)  Methanol 
Penicillin G (Gibco, 180030)  Water  0.05-5.0 
Erythromycin phosphate  Water  0.02-5.0 
(Argent, 81781CD) 
Rifampicin (Sigma, 83501)  Methanol  0.02-5.0 
Ampicillin (Sigma, 9518)  Water  0.1-10.0 
Methanol  0.05-5.0 
Water  0.5-10.0 
DMSO-Methanol (1:25)  5.0 39 
Table 3.  Origin, optical density, and pass number for each of the
eight strains of Renibacterium  salmoninarum during in vitro 
testing  to  determine  the minimum inhibitory  concentration  of 
selected drugs. 
Strain  Source  Optical Densityl  Pass Number2 
3 3 2 0 9  ATCC type strain,  0.72  1 6 
Chinook salmon 
D-6  Coho salmon,  0.38  3 
Oregon 
3 3 7 3 9  ATCC type strain,  0.61  1 2 
Brook trout 
9 3 2  Atlantic salmon,  0.3 8  1 5 
Norway 
K-28  Coho salmon,  0.70  8 
France 
8 4 -01 9  Chinook salmon,  1.10  6 
Oregon 
3 2 5  Atlantic salmon,  0 .72  2 
Norway 
4 3 6 6  Atlantic salmon,  0.44  5 
Norway 
1. Measured at 540 nm. 
2. Number of times that the bacteria was sequentially passed 
on artificial media before the experiment. 40 
In Vitro Growth to Determine if the 'Bar form' of Renibacterium
salmoninarum Can Be Observed in Culture 
Renibacterium  salmoninarum was cultured under various 
conditions in vitro to determine if 'bar forms' were produced.  The 
organism was grown in 96 well plates by dispensing 200 1.t.L  of 
sterile KDM-II media into each well and inoculating with 10 'IL of 
the D-6 strain of R. salmoninarum adjusted to an optical density of 
0.7.  The KDM-II media contained sera obtained from either 
rainbow  trout  collected  from  fish  that  were  not  previously 
exposed to R.  salmoninarum or  fetal  bovine obtained from 
Hy Clone Laboratories, (Cat. No. A-2151-0), Logan, UT.  Growth was 
monitored by  measuring OD using  an ELISA reader  (EIA 
Autoreader, Model EL310, Bio-Teks Instruments).  Wells were 
sampled at specified intervals and the QFAT was performed to 
determine in what proportion 'bar forms' were present. 
Colonies  from  selected  antibiotic  plates  from  MIC 
determination were examined by QFAT to determine if the  'bar 
form' of R. salmoninarum  occurred in vitro on solid KDM-II media 
with and without antibiotic incorporated.  Also examined by QFAT 
for the  'bar form' of R.  salmoninarum were cultures of R . 
salmoninarum that were killed by senescence, ultraviolet light, 
and heat.  A single culture of R.  salmoninarum, strain D-6, was 
grown for 14 days at 17 °C and divided equally and aseptically 
among three flasks.  Each of the three flasks were then subjected 
to UV light (120V, 30W) for 36 hours  at room temperature, 
incubated for 4 days at 300C, or incubated at 170C for 4.5 months. 41
RESULTS
Growth Curve of Renibacterium salmoninarum Strain 33209
Because growth of Renibacterium  salmoninarum is slow on 
artificial media and requires 7  to  14 d before colonies can be 
observed and plate counts can be determined, a more rapid method 
to determine the number of cells  in  culture  is  needed.  Optical 
density (OD) of the bacterial suspension is one method to determine 
the growth of bacterial  cells  in  broth media.  The OD of R  . 
salmoninarum broth cultures was correlated with colony forming 
units to estimate the number of cells in broth culture prior to growth 
on media.  The colony forming units instead of the actual number of 
bacteria are calculated because R. salmoninarum autoagglutinates. 
During  an  eight  day  experiment,  strain  33209  of R  . 
salmoninarum  grew logarithmically when observed by OD and 
subsequently determined by plate counts.  The optical density was 
graphed and was correlated to the colony forming unit count (Figure 
2).  During the eight day growth period, the range in the eight flasks 
of the number of generations of the bacteria was from 4.96 to 5.32 
with an average of 5.11  (+/- 0.892).  The generation time ranged 
from 20.4 to 37.3 hours with an average of 28 hours (+/- 6.156 
hours). 42
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Figure  2.  Measurement of optical  density and determination of 
colony  forming  units  during  the  growth  of Renibacterium 
salmoninarum (Strain 33209). 43
Virulence  Determination for  Six  Strains  of Renibacterium 
salmoninarum 
The virulences of six strains of R. salmoninarum obtained from 
different  locations  was  compared.  Prior  to  virulence  testing 
experimental animals were determined to be free of fish pathogens. 
During the 55 d duration of the experiment, all of the dead fish from 
treatment groups were collected and examined.  They were positive 
for R.  salmoninarum by QFAT with  greater  than  1000 R  . 
salmoninarum per 100 oil immersion fields (>1000 R.  salmoninarum 
/100 OIF).  Common gross pathology seen in dead fish was ascites, 
exopthalmia, and swollen, grayish kidneys. 
Strain D-6 was the most virulent of the  six  strains  tested. 
Strain D-6 caused the highest percent mortality and resulted in the 
shortest mean day to death.  Strain K-28 was least virulent with the 
longest mean day to death and the lowest percent mortality.  Except 
for  strain 33209, the higher the percent mortality in the treatment 
groups the lower the mean day to death (Table 4). Table 4. Optical density, quantity, mean day to death, and percent mortality for six strains of Renibacterium 
salmoninarum injected intraperitoneally into rainbow trout during virulence determination. 
Optical  Number of  Mean Days  Cumulative  Percent
Strain  Density3  CFU4/mL  to Death  Dead/Exposed  Mortality
33209  0.73  4.1 x 108  35  7/31  23
33739  0.71  1.56 x 108  42  5/30  17
84-019  0.70  1.88 x 108  30  14/31  45
D-6  0.72  9.5 x 107  27  25/30  83
K-28  0.72  1.91 x 108  44  5/30  17
325  0.70  7.9 x 107  34  13/29  45
Controll  NA2  NA  NA  0/30  0 
1.  Injected with phosphate buffered saline. 
2.  Not applicable. 
3.  Measured at 540 nm. 
4.  Colony forming units. 
-o. 
4=, 45 
Survival of Juvenile Rainbow Trout and 'Bar form' Assessment after 
Artificial  Infection  with  Different  Doses  of Renibacterium 
salmoninarum 
An experimental challenge dose for the R. salmoninarum strain 
D-6 was determined by  artificially  infecting rainbow  trout  with 
different doses of R.  salmoninarum.  Prior to this experiment, no fish 
pathogens were detected in randomly selected individuals.  During 
the 163 d duration of the experiment, 66 dead fish and 67 live fish 
were randomly  collected  and  examined.  The  most common 
pathology seen in dead fish was ascites, exopthalmia, and swollen, 
grayish kidneys.  The pathology of the random samples from live fish 
ranged from slight pathology to no clinical signs. 
Increasing dosage of R.  salmoninarum significantly shortened 
the mean day to death (p<0.0001).  The fish infected with 102 R . 
salmoninarum per fish had no mortality.  The group challenged with 
103 R.  salmoninarum per fish had a significantly higher mean day to 
death than the groups of fish that were infected with 105 and 107 R  . 
salmoninarum per fish (p<0.0001).  The group infected with the 
largest number of R.  salmoninarum, 107 R.  salmoninarum per fish, 
had the lowest mean day to death.  This was significantly lower than 
groups challenged with either 105 or 103 R.  salmoninarum per fish 
(p<0.0001) (Table 5, Figure 3). 
All dead fish collected during this experiment were found to 
have greater than 1000 R.  salmoninarum per 100 oil immersion 
fields (>1000 R.  salmoninarum /100 OIF) when observed by QFAT. 
All random samples of live  fish  that were infected with the two 46
higher doses of R.  salmoninarum also had greater than 1000 R . 
salmoninarum /100 OIF.  In groups infected with the two lower 
doses, all random samples from live fish had decreased number of R. 
salmoninarum when assessed by the QFAT (Table 6).  'Bar forms' 
were detected in these groups of fish throughout the experiment and 
were maximum at 43 days post infection.  However, not  all R  . 
salmoninarum cells in fish tissue were cleared or transformed to 'bar 
forms' and typical  cells were detected at  163 days post infection 
(Table 6). 
No R.  salmoninarum were detected in negative control groups 
which had no deaths.  The percent of test animals infected in the 
group injected with 103 R.  salmoninarum per fish increased sooner 
and  then  decreased  before  the  group  challenged  with  102 R  . 
salmoninarum per fish (Table 6, Figure 4).  Both groups of fish 
infected with the lower doses of R.  salmoninarum had the largest 
number of R.  salmoninarum 43 days post infection (Table 6, Figure 
5). Table 5.  Comparison of the survival of rainbow trout at  163 days post infection when injected intraperitoneally with
different numbers of Renibacterium  salmoninarum  colony forming units per fish. 
Total  Cumulative  Cumulative  Cumulative  Average 
Treatmentl/  Number  number  Number  percent  Actual  percent  Number  percent  Mean day  Standard  mean day 
Replicate  exposed  exposed  removed  removed  mortality  mortality  survivors  survivors  to death  deviation  to death 
A/1  9  4  0  5  NA2  NA 
2  9  27  4  44  0  0  5  56  NA  NA  NA 
3  9  4  0  5  NA  NA 
B/1  10  4  5  1  43.6  6.2 
2  10  28  4  43  5  46  1  1 1  42.0  7.1  46.0* 
3  8  4  3  1  56.7  30.6 
C/1  10  i  9  0  28.7  1.4 
2  10  30  2  13  8  87  0  0  28.8  2.5  28.7* 
3  10  1  9  0  28.8  2.3 
D/1  10  1  9  0  20.6  1.0 
2  10  30  1  10  9  90  0  0  21.6  2.0  22.2* 
3  10  i  9  0  24.3  4.8 
E/1  9  18  4  44  0  0  5  56  NA  NA  NA 
2  9  4  0  5  NA  NA 
1. Treatment: 
A  Injected  intraperitoneally  with  102 R.  salmoninarum  colony forming  units  per  fish. 
B  Injected  intraperitoneally  with  103 R.  salmoninarum  colony forming  units  per  fish. 
C  Injected  intraperitoneally  with  105 R.  salmoninarum  colony forming  units  per  fish. 
D  Injected  intraperitoneally  with  107 R.  salmoninarum  colony forming  units  per  fish. 
E  Control  Injected  intraperitoneally  with phosphate  buffered  saline. 
2.  Not applicable. 
*  Statistically  different when  compared by analysis of variance. 48
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Figure 3.  Mean day to death and percent mortality of rainbow trout
injected intraperitoneally with different numbers of Re nibact erium
salmoninarum colony forming units per fish.
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Table  6.  The percent  and number of  typical  and  'bar  form' 
Renibacterium  salmoninarum cells and percent of rainbow trout 
infected  after  intraperitoneal  injection  with  102  or  103 
Renibacterium salmoninarum colony forming units per fish. 
Days  Percent  Number of  Percent 
Post  Fish  R.  salmoninarum  R.  salmoninarum 
Infection  Treatment'  Infected  Typical  'Bar form'  Typical  'Bar form' 
19 A 33 0  2  0 100 
B  66  2  1 66 33 
1 43 A 66  31  3 97 
B  100  0  16  0 100 
86 A 66 0  4  0 100 
B  66  2  2 50 50 
107 A 66  0  4  0 100 
B 50  1  2 33 66 
126 A 100 0  4  0 100 
B 50 0  2  0 100 
143 A 66  0  3  0 100 
B  0 0 0  0 0 
163 A 50  1  50 50 1 
1. Treatment: 
A Injected  intraperitoneally  with  102 R.  salmoninarum colony 
forming  units per fish. 
B  Injected  intraperitoneally  with  103 R.  salmoninarum colony 
forming  units per fish. 50
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Figure 4.  Line graph showing the percent of fish infected in random 
samples taken at specified days post infection.  Rainbow trout were 
injected  intraperitoneally  with  102  or 103 Renibacterium 
salmoninarum colony forming units per fish. 51
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Figure 5.  The number of Renibacterium  salmoninarum  cells 
observed  in  kidney  tissue  from  live  fish  randomly sampled  at 
specified  days  post  infection.  Rainbow  trout  were  injected
intraperitoneally  with  102 or 103 Renibacterium  salmoninarum 
colony forming units per fish. 52
Erythromycin  Therapy  in  Artificially  Infected Juvenile Rainbow 
Trout 
Rainbow  trout  were  artificially  infected  to  determine  if 
intraperitoneal  administration  of  erythromycin  decreases  the 
prevalence of R.  salmoninarum  in  tissue smears of test  animals. 
Prior to artificial infection test animals were determined to be free of 
fish pathogens.  All of the dead fish collected from all  treatment 
groups were found to be positive for R.  salmoninarum  and  had 
greater than 1000 R.  salmoninarum per 100 oil immersion fields 
(>1000 R.  salmoninarum /100 OIF) observed by QFAT.  The most 
common pathology seen in dead fish was ascites, exopthalmia, and 
swollen, grayish kidneys. 
The sooner the  intraperitoneal administration of erythromycin 
after infection and the higher the dose, the more effective was the 
chemotherapy.  Fish administered 25 mg erythromycin per kg of fish 
body weight on day 2 post infection had a higher mean day to death 
and a lower percent mortality compared to other treatments (Table 
7).  The highest percent mortality and lowest mean day to death 
were  observed  in  the  treatment  group  which  received  10 mg 
erythromycin on day  11  post challenge (Table  7).  Erythromycin 
caused no adverse effect in the control groups not challenged with R. 
salmoninarum. 53
Table  7.  Efficacy  of intraperitoneally  injected erythromycin for 
control of Renibacterium  salmoninarum  in  artificially  infected 
juvenile rainbow trout. 
Number  Percent  Mean Day  Standard 
Treatment)  Dead/Exposed  Mortality  to Death  Deviation 
A  22/25  88  27.0  4.5 
B 19/25  76  41.0  9.0 
C  21/25  84  35.0  4.7 
D  23/25  92  34.0  4.0 
E 24/25  96  25.0  10.7 
F 25/25  100  23.0  4.3 
G 0/25  NA2  NA  NA 
1. Treatment: 
A  Challenged with  R.  salmoninarum  - injected with 10 mg
erythromycin per  kg of fish body  weight 11 d post challenge. 
B  Challenged with  R.  salmoninarum  - injected with 25 mg 
erythromycin per  kg of fish body  weight 2 d post challenge.
C  Challenged with  R.  salmoninarum  - injected with 25 mg 
erythromycin per  kg of fish body  weight 5 d post challenge.
D  Challenged with  R.  salmoninarum  - injected with 25 mg 
erythromycin per  kg of fish body  weight 11 d post challenge.
E  Challenged with R. salmoninarum  - injected with saline 11 d post 
challenge.
F  Challenged with R.  salmoninarum - no treatment.
G  Unchallenged with R.  salmoninarum  with treatment:
Five fish injected with 25 mg erythromycin per kg of fish body
weight 2 d post challenge.
Five fish injected with 25 mg erythromycin per kg of fish body
weight 5 d post challenge.
Five fish injected with 25 mg erythromycin per kg of fish body
weight 11 d post challenge.
Five fish injected with saline 11 d post challenge.
Five fish injected with no treatment.
2.  Not applicable. 54 
Feasibility Testing of Sarafloxacin and Erythromycin in  Artificially 
Infected Rainbow Trout and QFAT Analysis  of Fish  Surviving 
Challenge of Renibacterium salmoninarum 
- To determine  in  vivo  efficacy  of  sarafloxacin  against R  . 
salmoninarum,  the  drug was  orally  administered  to  artificially 
infected rainbow trout and was compared to similar treatments with 
erythromycin.  Results (Table 9) indicated that the treatments with 
sarafloxacin were not effective in controlling R. salmoninarum. Both 
groups fed sarafloxacin had significantly higher mortality than in the 
infected, non-medicated control groups (p>0.05).  They also had 
similar mean number of days to death as the positive non-medicated 
control groups (p>0.05).  Both of the groups fed erythromycin and all 
negative,  uninfected  control  groups  had  no  mortality  and 
consequently no mean day to death could be calculated (Table  8). 
Although the  mortality approached 100% and indicated  a  severe 
challenge,  fish  in  groups administered erythromycin had increased 
survival when compared to  infected, non-medicated groups (Table 
8). 
A total of 138 dead fish and 150 random samples from live fish 
were collected during the 115 day experiment.  The most common 
pathology seen in mortality was ascites, exopthalmia, and swollen, 
grayish  kidneys.  The random  samples  from  live  fish  had 
macroscopic pathology that ranged from slight infection to no clinical 
signs.  No fish  pathogens were detected  in  randomly  selected 
individuals that were examined prior to this experiment. 55 
The prevalence of R. salmoninarum in tissue smears taken from 
test animals was determined by QFAT.  Fish that died during the 
experiment had high numbers of R.  salmoninarum (> 1000 R  . 
salmoninarum1100 OIF) and no 'bar forms' were detected in these 
samples.  Few R.  salmoninarum cells were detected in live fish that 
were randomly  sampled  after  surviving  the  challenge.  When 
observed by QFAT only two typical cells were detected in random 
samples from live fish 97 days post infection,  all  others were 'bar 
forms'.  No R. salmoninarum cells were detected in the control group 
(Table 9). 56
Table 8.  Efficacy of sarafloxacin and erythromycin treatments for 
control of Renibacterium  salmoninarum in  artificially  infected 
rainbow trout. 
Number  Cumulative  Average 
Dead/  Cumulative  Percent  Mean Day  Standard  Mean Day 
Treatment)  Exposed  Dead/Exposed  Mortality  to Death  Deviation  to Death 
A 20/24  44/50  90  27.9  4.2  28.0* 
24/25  28.1  3.8 
B 24/25  48/50  96  29.3  3.4  28.6* 
24/25  27.9  6.8 
C 23/25  46/50  92  27.2  3.9  28.4* 
23/25  29.5  6.0 
D 0/25  0/50  NA2  NA  NA  NA 
0/25  NA  NA 
E 0/25  0/50  NA  NA  NA  NA 
0/25  NA  NA 
F 0/25  0/50  NA  NA  NA  NA 
0/25  NA  NA 
G 0/25  0/25  NA  NA  NA  NA 
0/25  NA  NA 
H 0/25  0/25  NA  NA  NA  NA 
0/25  NA  NA 
1. Treatment: 
A  Fish challenged with R. salmoninarum and fed control  diet. 
B  Fish fed sarafloxacin from 5 d before challenge to 5 d post-
challenge with R.  salmoninarum. 
C  Fish fed sarafloxacin for 10 d starting  d post-challenge with 1 
R.  salmoninarum. 
D  Fish fed erythromycin for 10 d,  starting 5 d post-challenge 
with R.  salmoninarum. 
E  Fish fed erythromycin for 10 d starting  d post-challenge with 1 
R.  salmoninarum. 
F  Fish not challenged and fed control diet. 
G  Fish fed sarafloxacin for 10 d, not challenged with 
R.  salmoninarum. 
H  Fish fed erythromycin for 10 d, not challenged with 
R.  salmoninarum. 
2.  Not applicable. 
*  Not statistically  different when compared by analysis of variance. 57
Table 9.  The percent of rainbow trout infected and the number of 
Renibacterium  salmoninarum cells observed in live fish that were 
randomly sampled that survived artificial challenge. 
Number of 
Number  Percent  of  R.  salmoninarum 
Days Post Infected/  Fish  Infected  Cells Observed 
Treatment)  Infection  Sampled  (n=5)  Typical  'Bar form' 
A  76 2/5  30  0  4 
B 3/5 40  0  4 
C 0/5 0  0  0 
A  97 3/5  40  2  3 
B 0/5 0  0  0 
C 0/5 0  0  0 
A  115 1/8  19  0  7 
B 1/8 19  0  5 
C 0/8 0  0 0 
1. Treatment: 
A Fish fed erythromycin for 10 d, starting 5 d post-challenge 
with Renibacterium salmoninarum. 
B  Fish fed erythromycin for 10 d starting  1 d post-challenge 
with Renibacterium salmoninarum.
C Fish not challenged and fed control diet.58 
'Bar form' Assessment in Rainbow Trout Intraperitoneally Injected 
with Irradiation-inactivated Renibacterium salmoninarum 
To determine if dead R.  salmoninarum cells  are processed 
through  the  fish  kidney,  an  irradiation-inactivated  culture  was 
intraperitoneally  injected  into rainbow  trout.  No growth of R . 
salmoninarum  was  detected  after  gamma  irradiated  bacterial 
suspension was inoculated onto KDM-II agar and only typical R  . 
salmoninarum cells were detected when serial dilutions of bacterial 
culture were observed by QFAT.  No fish pathogens were detected in 
randomly  selected  individuals  that  were examined prior  to  this 
experiment and there was no macroscopic pathology or mortality 
observed in the fish from the treatments or control group during the 
experiment. 
A total  of 75 random samples from live  fish were collected 
during the 15 days of the experiment and examined by QFAT.  The 
total number of R.  salmoninarum cells detected in kidney tissue 
increased to a maximum at day 9 post injection and then decreased. 
Throughout the experiment the number of typical R.  salmoninarum 
cells  was  always  greater  than  the  number  of  'bar  form' R  . 
salmoninarum cells (Table 10, Figure 6).  But the percent of the 'bar 
form' increased from 20 to 42% over the course of the experiment. 
Correspondingly, there was a decrease  in  the percent typical R . 
salmoninarum cells observed during the 15 day experiment (Table 
10, Figure 7). 59 
Renibacterium  salmoninarum was detected earlier  in  fish 
injected with  the lower dose,  but by day 12 post  injection R  . 
salmoninarum was detected in  all  fish that were injected with the 
higher dose.  The number of bacteria decreased slightly by the last 
sampling day in  the group of fish  injected with the higher dose 
(Table 10, Figure 8). Table  10.  Quantitative  fluorescent  antibody  technique  assessment  of  test  animals  injected 
intraperitoneally with irradiation-inactivated Renibacterium  salmoninarum. 
Percent of Fish  Number of  Percent of 
R. salmoninarum  R. salmoninarum  R. salmoninarum
Days Post  Observed  Observed  Observed
Infection  Al  B  Total  Typical  'Bar form'  Typical  'Bar form' 
3  60 40 103 82  21  80  20
6  60  75  214  167  47  78  22
9  60  80  430  296  134  69  31
12  40  100 264 208  56  79  21
15  40 80 36 21  15  58  42 
Treatment: 
A. Injected intraperitoneally with 50 ill of irradiation-inactivated  Renibacterium salmoninarum cells. 
B. Injected intraperitoneally with 500 gl of irradiation-inactivated  Renibacterium salmoninarum cells. 
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Figure  6.  The number of typical and 'bar form' Renibacterium
salmoninarum  cells  observed  in  randomly sampled  fish  after 
intraperitoneal  injection  with  irradiation-inactivated Renibacterium 
salmoninarum cells. b1.
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Figure 8.  The percent of random samples from live fish infected with 
Renibacterium  salmoninarum after  intraperitoneal  injection with 
irradiation-inactivated Renibacterium salmoninarum cells. 
Treatment: 
T1  Injected intraperitoneally with 108 Renibacterium 
salmoninarum colony forming units per fish. 
T2  Injected intraperitoneally with 107 Renibacterium 
salmoninarum colony forming units per fish. 64
Erythromycin  Therapy  in  Spring  Chinook Salmon Smolts and 
Comparison of QFAT, ELISA, and DFAT to Assess Prevalence of 
Renibacterium salmoninarum and Predict Minimum Mortality 
To evaluate drug therapy during  a  natural  infection  of R. 
salmoninarum in two populations of chinook salmon, test animals 
were  fed  an  erythromycin-medicated  diet  or  injected 
intraperitoneally with erythromycin.  All  three  groups  of Dexter 
Hatchery spring chinook salmon smolts which were treated with 
erythromycin  had  significantly  lower  mortality  than  those  fed 
unmedicated control diet (p>0.05).  Cumulative percent mortality was 
the same in groups fed erythromycin for 21 d and groups injected 
with 10 mg erythromycin per kg of fish body weight (Table 11).  The 
lowest cumulative percent  mortality  in  the  population  of South 
Santiam  Hatchery  spring  chinook  smolts  was  in  fish  fed 
erythromycin.  The highest cumulative percent mortality was in the 
unmedicated controls  although  this was not  significantly  different 
from the medicated fish (p>0.05) (Table 11). 
Three  detection  methods, QFAT, ELISA, and DFAT were 
compared for their abilities  to detect R.  salmoninarum in the same 
fish  tissue  samples.  In  this  experiment,  the QFAT had similar 
sensitivity as ELISA and detected more positive cases compared to 
DFAT.  In pond 2 the percent of fish that were positive continued to 
increase after antibiotic administration but remained similar in pond 
(Table 12).  The percent of positive fish that had no 'bar forms' 
detected before antibiotic administration was 26% for pond  and 
23% for pond 2.  This percentage of fish as predicted by QFAT would 
1 
1 65 
be expected to die throughout the experiment.  The mortality that 
was recorded  at  the  hatchery  for  the same time period  as  the 
experiment was 15% and 17% in pond  and pond 2 respectively. 1 
This is lower than the minimum mortality predicted by QFAT (Table 
13). 66 
Table 11.  Efficacy of erythromycin treatments for control of 
Renibacterium salmoninarum in naturally infected spring chinook 
salmon. 
Number 
Dead/
Treatment  Exposed 
Al 7/20
9/30
10/30
B 6/25 
3/25 
3/35 
C 3/32
7/29 
D 7/30
0/25
E2 14/55
22/30
15/30
F  14/27 
7/28 
G 13/29 
10/27 
H  7/30 
10/30 
12/30 
1.  Treatment groups for Dexter 
A  Fed control diet. 
B  Fed erythromycin for 21  d. 
C  Injected  intraperitoneally  with  10 
D  Injected  intraperitoneally  with 25 
2.  Treatment groups for South 
E  Fed control diet. 
Cumulative
Cumulative  Percent
Dead/Exposed  Mortality
26/80 33* 
12/75  16*
10/61  16
7/55  13
51/115  44#
21/55  38
23/56  41
29/90 32# 
spring chinook smolts  ­
mg erythromycin/kg  fish body weight.
mg erythromycin/kg  fish body weight.
Santiam spring chinook smolts 
F  Injected  intraperitoneally  with  10  mg erythromycin/kg  fish body weight. 
G  Injected  intraperitoneally  with 25  mg erythromycin/kg  fish body weight. 
H  Fed erythromycin for 21  d. 
*  Statistically  different when compared by analysis of variance. 
#  Not statistically  different when compared by analysis of variance. 67
Table  12.  The number  of  chinook  salmon  smolts  that  had 
Renibacterium  salmoninarum detected in tissue smears.  Results are 
given  for  three  different  detection methods for  fish from Dexter 
Hatchery'. 
QFAT2  ELISA3  DFAT4 
(number  (number  (number
positive/ positive/  positive/
number  number  number 
Day  Pond  sampled)5  sampled)  sampled) 
0 1  11/30  5/30  4/30 
2  8/30  1/30  1/30 
ANTIBIOTIC ADMINISTERED 
33 1  24/60  7/60  4/60 
2  23/60  11/60  10/60 
71 1  17/61  40/60  3/61 
2  31/60  27/60  4/60 
114 1  38/74  48/74  5/74 
2  32/52  26/51  7/51 
1. Satellite facility of Willamette Hatchery, Oakridge, OR. 
2. Quantitative, fluorescent antibody technique (Cvitanich 1987). 
3. Enzyme-linked immunosorbent assay (Turaga et al.  1987). 
4. Direct, fluorescent antibody technique (Oregon Department of 
Fish and Wildlife). 
5. The number of tissue smears that had Renibacterium 
salmoninarum detected/the number of tissue smears that were 
examined. 68 
Table 13. The number and percent of fish that had the Renibacterium 
salmoninarum  'bar  form'  detected  by  quantitative  fluorescent 
antibody technique  in  tissue smears of naturally infected chinook 
salmon smolts from Dexter Hatcheryl. 
QFAT2 
(number Number of  Number of  Percent of 
positive/ fish with  fish without fish without number
Day  Pond `Bar forms'3  'Bar forms'4  'Bar forms'5 sampled)5 
0 1  11/30  3/11  8/30  26
2  8/30  1/8  7/30  23
ANTIBIOTIC ADMINISTERED 
33 1  24/60  16/24  8/60  13
2  23/60  13/23  10/60  17
71 1  17/61  12/17  5/61  8
2  31/60  13/31  18/60  30
114  38/74  19/38  19/74  26
2  32/52  16/32  16/52  31
1 
1. Satellite facility of Willamette Hatchery, Oakridge, OR. 
2. Quantitative, fluorescent antibody technique (Cvitanich 1987). 
3. The number of fish that had the Renibacterium  salmoninarum 
'bar form' detected from positive samples. 
4. The number of fish that did not have the Renibacterium 
salmoninarum 'bar form' detected from positive samples. 
5. The percent of fish that did not have the Renibacterium 
salmoninarum 'bar form' detected. 69 
Determination of the Minimum Inhibitory Concentration of Six Drugs 
to Eight Strains of Renibacterium salmoninarum 
The  in  vitro  efficacy  of A-77143,  an  experimental  aryl­
fluoroquinolone (supplied by Abbott Laboratories, North Chicago, IL), 
was compared to that of six other drugs.  Solvents used to dissolve 
the antibiotics did not inhibit R.  salmoninarum and all  strains had 
grown after 7 days incubation.  Because growth of the bacteria was 
slowed on the antibiotic-containing plates (excluding ampicillin),  a 
reliable minimum inhibitory concentration could not be established 
until day 33 post inoculation.  At 33 days post inoculation, A-77143 
had a MIC of 0.5 mg/L for six of the eight strains and 1.0 mg/L for 
the other two (Table 14).  After 66 days post inoculation (data not 
shown), there was no further growth.  From these data, the drug, A­
77143, was determined to be bactericidal to the eight strains of R . 
salmoninarum that were tested (Table 14).  Compared to the other 
drugs, only erythromycin had a greater initial  inhibitory effect on 
the eight strains of R.  salmoninarum.  At a drug concentration of 0.5 
mg/L, none of the  eight  strains  were growing  at  33 days post 
inoculation (Table 16).  However, by 66 days post inoculation, three 
strains were growing at  1.0 mg/L.  Penicillin G had an inhibitory 
effect on six of the eight strains, but at a concentration of 2.5 mg/L of 
drug.  Ampicillin did not inhibit the bacteria and growth occurred at 
the highest drug concentrations of 10 mg/L on day 7 post inoculation 
(Table  16).  Drugs that exhibited some inhibition, but were not 
completely  effective,  were  sarafloxacin,  oxytetracycline,  and 
rifampicin.  All three of these drugs were initially inhibitory but the 70 
bacteria grew in  the highest concentration tested by day 33 post 
inoculation (Table 16). Table 14.  Efficacy of A-77143 against selected strains of Renibacterium  salmoninarum.  Each strain had 100 ml 
of bacteria (107 - 109 Renibacterium salmoninarum colony forming units per ml) inoculated onto KDM-II media 
containing different concentrations of drug.  Plates were incubated at  16°C and examined at  7,  14,  21, and 33 
days post inoculation. 
Date:  4/17/91 - 7  days  Dilution  (mg/L) 
Strain-pass  2.5  1.0  0.5  0.1  0.05  0.02 
33209-16  - - - - +/- +  + 
D6-3  - - - - +/- + + 
33739-12  - - - - +/- +  + 
932-15  - - - - - +/- + 
K28-8  - - - - +/- + + 
84-019-6 - - - - + + + 
325/87-2  - - - - +/- +  + 
4366-5 - - - - + + + 
Date:  4/24/91  - 14  days 
Strain-pass  5.0  2.5  1.0  0.5  0.1  0.05  0.02 
33209-16  - - - +/- +  + 
D6-3  - - - - +/- + + 
33739-12  - - - - +/- +  + 
932-15 - - - - + + 
K28-8  - - - - +/- + + 
84-019-6 - - - - + + + 
325/87-2  - - - - +/- +  + 
4366-5 - - - - + + + 
(4  No bacterial growth, or positive inhibition by the drug. 
(+/-)  Weak growth of bacterium, or slight inhibition by the drug. 
(+)  Growth of bacterium, or negative inhibition by the drug. _  _ 
Table 14 (cont.).  Efficacy of A-77143 against selected strains of Renibacterium  salmoninarum.  Each strain had 
100 ml of bacteria (107 - 109 Renibacterium salmoninarum colony forming units per ml) inoculated onto KDM­
II media containing different concentrations of drug.  Plates were incubated at 16°C and examined at  7,  14, 21, 
and 33 days post inoculation. 
Date:  5/1/91 - 21  days  Dilution  (mg/L) 
Strain-pass  5.0  2.5  1.0  0.5  0.1  0.05  0.02 
33209-16 - - - - +  + + 
D6-3  - - - - +/- + + 
33739-12  - - - - +/- +  + 
932-15 - - - - - + + 
K28-8  - - - +/- +  + + 
84-019-6 - - - - + + + 
325/87-2  - - - - +/- +  + 
4366-5 - - _  _ + + + 
Date:  5/13/91 - 33  days 
Strain-pass  5.0  2.5  1.0  0.5  0.1  0.05  0.02 
33209-16  - - - + + + 
D6-3  - - - - + + + 
33739-12 - - +  +  + 
932-15  - - - + + + 
K28-8  - - - +/- +  + + 
84-019-6  - - - +/- +  +  + 
325/87-2 - - - - +  + + 
4366-5 - - + + + 
(-)  No bacterial growth, or positive inhibition by the drug. 
(+/-)  Weak growth of bacterium, or slight inhibition by the drug. 
(+)  Growth of bacterium, or negative inhibition by the drug. 73 
Table 15.  Comparison of drug efficacy, number of resistant strains at 
each  observation  time,  and concentration  of drug (mg/L) during 
minimum  inhibitory  concentration  determination  of  selected 
antibiotics. 
Drug
AMPICILLIN
Drug
SARAFLOXACIN
Drug
OXYTETRACYCLINE
Drug
RIFAMPICIN
Day  Date
7 day (4/17)
14 day (4/24)
21 day  (5/1)
33  day  (5/13)
Day - Date
7 day (4/17)
14 day (4/24)
21 day  (5/1)
33  day  (5/13)
Day - Date
7 day (4/17)
14 day (4/24)
21 day  (5/1)
33  day  (5/13)
Day  Date
7 day (4/17)
14 day (4/24)
21 day  (5/1)
33  day  (5/13)
Number of 
Resistant  Strains 
6 
6 
8
8
Number of
Resistant  Strains
0
0
0
4 
Number of 
Resistant  Strains 
2 
3
8
8
Number of
Resistant  Strains
1 
2 
2
6 
Concentration 
of Drug (mg/L) 
10.0 
10.0 
10.0
10.0
Concentration 
of Drug (mg/L) 
5.0
5.0
10.0 
10.0 
Concentration 
of Drug (mg/L) 
5.0
5.0
5.0
5.0
Concentration 
of Drug (mg/L) 
0.05
0.5
5.0
5.074 
Table 15 (cont.).  Comparison of drug efficacy, number of resistant 
strains at each observation time, and concentration of drug (mg/L) 
during minimum inhibitory concentration determination of selected 
antibiotics. 
Number of  Concentration 
Drug  Day - Date  Resistant  Strains  of Drug (mg/L) 
PENICILLIN  G  7 day (4/17)  0  2.5 
14 day (4/24)  0  2.5 
21 day (5/1)  2  2.5 
33 day (5/13)  2  2.5 
Number of  Concentration 
Drug  Day - Date  Resistant  Strains  of Drug (mg/L) 
A-77143  7 day (4/17)  0  0.5 
14 day (4/24)  0  0.5 
21 day (5/1)  1  0.5 
33 day (5/13)  2  0.5 
Number of  Concentration 
Drug  Day - Date  Resistant  Strains  of Drug (mg/L) 
ERYTHROMYCIN  7 day (4/17)  0  0.1 
14 day (4/24)  0  0.5 
21 day (5/1)  0  0.5 
33 day (5/13)  0  0.5 75 
In Vitro Growth to Determine if the 'Bar form' of Renibacterium 
salmoninarum Can Be Observed in Culture 
To determine if 'bar forms' are observed during in vitro growth 
of R.  salmoninarum experiments were performed.  Only typical R . 
salmoninarum were observed in culture when the media did not 
contain antibiotics.  In cultures that did contain antibiotics atypical 
but not 'bar form', R.  salmoninarum cells were detected.  No 'bar 
forms' were detected in the cultures that were killed by senescence, 
heat, irradiation, or ultraviolet light. 76 
DISCUSSION
Bacterial kidney disease is recognized as a serious infection of 
hatchery-reared salmonids.  Renibacterium  salmoninarum causes 
a chronic infection in host animals and when isolated on bacterial 
media grows slowly.  Even with chemotherapy, this disease  is 
difficult to control at advanced stages.  Because fish with lower 
prevalence of R.  salmoninarum respond better  to  treatments, 
early  detection  is  necessary  for  best  control.  An effective 
chemotherapeutic  agent  plus  early  detection  of  chronic R  . 
salmoninarum infections will form the basis of a complete control 
program. 
The QFAT is a method that has been used for detecting and 
determining the prevalence of R. salmoninarum  in  fish  tissue. 
Tissue smears from naturally and artificially infected test animals 
were examined by QFAT to detect, identify, and quantify typical 
and 'bar form' R. salmoninarum cells.  'Bar forms' were detected in 
tissue smears from test  animals injected with lower doses of 
viable  R.  salmoninarum  or  with  irradiation-inactivated R . 
salmoninarum cells.  The 'bar form' was also observed by QFAT in 
tissue  of  fish  treated  with erythromycin and which survived 
bacterial challenge.  'Bar forms' were not detected when greater 
than 1000 R.  salmoninarum cells per 100 oil immersion fields 
were detected in kidney tissue of test animals.  This number of R. 
salmoninarum was typically observed in fish which died of R. 77 
salmoninarum infection.  These observations were consistent in all
experiments and are in agreement to those of Cvitanich (1988). 
Animals which were injected with irradiation-inactivated R . 
salmoninarum  had an increase then a decrease in the number of 
R.  salmoninarum cells  in  tissue smears.  There was also an 
increase of percent 'bar forms' and decrease of percent typical R . 
salmoninarum cells during the 15 day experiment.  The maximum 
number of R.  salmoninarum cells  observed in  tissue smears 
occurred nine days post injection indicating a rapid assimilation of 
bacterial cells by kidney macrophages.  This increase was followed 
by a clearing from kidney tissue and a decrease in the number of 
R.  salmoninarum cells.  The length of the experiment needed to be 
extended to completely characterize formation of R. salmoninarum 
`bar  forms'.  It  might be determined that  if fewer cells  are 
detected, the percent of 'bar forms' observed might be greater 
than the percent of typical R. salmoninarum cells. 
Cvitanich reported if greater than 25% of the total number 
of R. salmoninarum cells observed are 'bar forms', the fish is likely 
to  recover from  infection.  He concluded  that  results  from 
individual fish could be used to determine minimum mortality in 
a  population.  The ability  to  predict minimum mortality was 
tested during  the evaluation of QFAT in  a  naturally  infected 
population of chinook salmon.  The realized mortality in the fish at 
Dexter hatchery was between 15% and 17% for the duration of the 
experiment.  These results were lower than the 23% to 26% of fish 
that were examined by QFAT that had no R.  salmoninarum 'bar 78 
forms' detected and were expected to die.  Cvitanich also reported 
that it takes four months to realize this minimum mortality in the 
population.  The actual mortality in the test animals held at the 
hatchery was for similar duration, 114 days. 
The 'bar form' of R. salmoninarum was present in artificially 
infected rainbow trout when low doses of R.  salmoninarum were 
injected.  Fish that were able to  elicit a response to the fewer 
number of  bacteria was demonstrated by  a  decrease  in  the 
numbers of detectable R.  salmoninarum cells and increase of 
percent 'bar forms'.  When low doses of R.  salmoninarum were 
injected into rainbow trout less than 76 days were required to 
change from typical R.  salmoninarum to the 'bar forms'.  This is 
similar  to  the  3  months time period  that  Cvitanich  (1987b) 
reported that  it  takes for the process of bacterial degradation to 
occur.  Only 15 days were required to change from typical R . 
salmoninarum to the 'bar form' in animals which were injected 
with  irradiation-inactivated R.  salmoninarum.  This shorter time 
was because the cells were dead upon injection.  Also because 
rainbow trout are more resistant to R.  salmoninarum infection, a 
more rapid response could be expected. 
In  vitro experiments suggest that a host response may be 
necessary to transform a typical R.  salmoninarum cell to a 'bar 
form'.  The failure to detect 'bar forms' in cultures of inactivated 
R. salmoninarum indicated that the 'bar form' is not merely a dead 
R.  salmoninarum cell.  Also the time interval between injection 
and 'bar form' observation was another indication of the necessity 79 
of host response.  These are consistent with reports by Cvitanich 
(1988) suggesting that the 'bar form' is  a host-affected, modified 
R. salmoninarum cell. 
Collective evidence from experiments suggested that there 
was a correlation between the R.  salmoninarum 'bar form' and 
recovery from R.  salmoninarum infection.  This was substantiated 
by experiments reported here and conclusions of Cvitanich.  Tar 
forms'  were observed  in  fish  treated  with  erythromycin  that 
survived challenges which were lethal for untreated fish.  Also 
`bar forms' were not observed when fish were overwhelmed with 
R. salmoninarum infection. 
Tar forms' were detected  in rainbow trout which were 
infected with lower doses of R.  salmoninarum and not treated 
with antibiotics.  This is in agreement with Cvitanich who reported 
that  'bar  forms'  were  observed  in  fish  tissue  even when 
erythromycin or oxytetracycline was not administered to fish. 
Detection of R. salmoninarum by QFAT, ELISA, and DFAT was 
compared.  The QFAT detected more R. salmoninarum positive fish 
than DFAT which indicated that QFAT detected more subclinically 
infected fish.  In addition to increased sensitivity, QFAT provided 
more information  including  'bar  form'  assessment,  predicted 
minimum mortality, and indication of the fish's ability to recover 
from infection.  The amount of time to prepare tissue smears was 
similar, but more time was required to read QFAT slides compared 
to the usual two minutes for DFAT slides. 80 
In  this  study,  the ELISA and  the QFAT had  similar 
sensitivity in detecting R.  salmoninarum in kidney tissue smears. 
The QFAT requires  less  time  to  prepare  samples,  can  be 
performed in  the  field,  and less expensive than the equipment 
needed for  the ELISA.  The QFAT and ELISA can quantify 
prevalence of R.  salmoninarum in the host.  The QFAT also 
provides predictions of recovery and minimum mortality from R. 
salmoninarum  infection  that  other  detection methods do not 
ascertain.  The QFAT has been used for the necessary early 
detection of R.  salmoninarum and prediction of an infection to 
respond to  antibiotic treatment. 
The QFAT was used to detect, identify, and quantify typical 
and 'bar form' R.  salmoninarum cells.  The 'bar form' was 
observed in rainbow trout, chinook salmon, and coho salmon, in 
various ages from fry to adult, both male and female fish, and 
with  and without  antibiotics  being  present.  If  'bar  forms' 
represent dead or dying bacteria, they could be used for markers 
of fish recovery from infection and aid in the ability to predict 
minimum mortality of a population.  The key for QFAT, and 
probably for all detection methods, is assessing fish populations at 
various sampling points and thereby insuring early detection of R. 
salmoninarum infection which would increase efficiency of control 
measures for the disease. 
Circumstances necessary for the development of the  'bar 
form'  should be determined.  It  should be determined during 
what conditions they are formed, length of time for formation, 81 
phenomenon of in vivo degradation, and the effects of antibiotics 
and host response on this process. 
Efficiency in  controlling R.  salmoninarum infection can be 
increased by identifying an effective antibiotic compound.  The 
ability of chemotherapeutants to protect test animals from lethal 
infection after an intraperitoneal challenge of virulent bacteria is 
a method of evaluating the efficacy of compounds.  Results from 
preliminary  tests  to  optimize  artificial challenges indicated that 
103 or 105 R.  salmoninarum injected per fish were appropriate for 
these studies.  Correlation of colony forming units and optical 
density was accomplished to determine the number of bacteria in 
culture before injection into test animals.  The studies were also 
dependent on the virulence of R.  salmoninarum strains which was 
determined  from  preliminary  tests  to  optimize  artificial 
challenges. 
Because R.  salmoninarum infection is chronic, it  is necessary 
to inject large numbers of bacteria.  Results from experiments that 
had fish naturally and artificially infected suggested using a lower 
infective  dose  and using  other measures  of  the  severity  of 
infection, such as QFAT or ELISA, rather than mean day to death 
and percent mortality exclusively.  This was also indicated in 
determining  antibiotic  effectiveness  in  naturally  infected 
populations.  The QFAT or ELISA may be a better assessment of 
bacterial  prevalence  to  determine  the  antibiotic  effectiveness 
rather than cumulative percent mortality and average mean day 
to death.  Pascho and Elliot (1992) also suggested using ELISA to 82 
determine infection prevalence after artificial challenge instead of 
cumulative percent mortality and mean day to death. 
The in vitro activity of a drug is an indication of its ability to 
perform in vivo but the activity of antimicrobial agents is much 
more complex in vivo than in vitro.  Sarafloxacin tested in vitro 
had  a  higher  minimum  inhibitory  concentration  than 
erythromycin.  In test animals oral doses of sarafloxacin did not 
inhibit R. salmoninarum infection.  The higher MIC contributes to 
sarafloxacin's inability  to control R.  salmoninarum infections in 
vivo. 
Antimicrobial activity of A-77143 was compared to that of 
erythromycin  and  sarafloxacin  to  determine  the  in  vitro 
sensitivity of R. salmoninarum to these compounds.  Erythromycin 
and sarafloxacin had a higher minimum inhibitory concentration 
than that of A-77143 against the same strains of R.  salmoninarum. 
The relatively low MIC and bactericidal activities make A-77143 a 
potentially  useful  therapeutic  agent  in  vivo.  Testing of  this 
compound in animals is necessary to determine its usefulness as a 
antimicrobial agent against R. salmoninarum. 
Quinolones, such  as  sarafloxacin and A-77143, have the 
ability  to  penetrate  intracellularly  into phagocytic  cells  to be 
effective in intracellular killing of bacteria (Easmon 1983).  This 
may prove to be advantageous especially with R.  salmoninarum 
because of  its  ability  to  survive or even replicate  inside  the 
phagocytic cell (Young and Chapman 1978). 83 
To  evaluate  orally  administered  and  intraperitoneally 
injected  drug  therapy  during  a  natural  infection  of R  . 
salmoninarum in chinook salmon,  test  animals were fed  a 
medicated diet  or  injected  intraperitoneally  with erythromycin. 
The in  vivo administration  of erythromycin by either method 
decreased  the  mortality  in  naturally  infected  spring  chinook 
smolts.  Erythromycin treatment of  artificially  challenged  fish 
provided some therapy.  This was indicated by a general decrease 
in  the  cumulative percent  mortality and  an  increase  in  the 
average mean day to death with antibiotic treatment.  In both 
naturally and artificially infected test animals, chemotherapy was 
more efficacious when there was  a low R.  salmoninarum 
prevalence in the population. 
Therapy, either orally or by injection of erythromycin, did 
not  eliminate  bacterial  infections  from  treated  fish  and R . 
salmoninarum was still  detectable by QFAT in the fish that 
survived the bacterial challenge.  This might be attributable  to 
intracellular  survival  of  the  bacterium  protecting  it  from 
circulating  antibody,  chemotherapeutic  agents,  and  natural 
protective host response (Bruno 1986). 
More testing of erythromycin, sarafloxacin, A-77143, and 
other antibacterial  agents  is  needed to determine the optimum 
prophylactic regime to  protect  fish from an infection  of R  . 
salmoninarum.  Also, the duration and intervals of chemotherapy 
for maximum clearance  of  the  pathogen  and  reduction  of 
mortality need to be defined.  Alternate therapeutants should be 84 
investigated because there is evidence that R.  salmoninarum can 
gain resistance to erythromycin (Bell et al. 1988) and there should 
be concern that because of the drug's wide use will result in drug 
resistant forms of R. salmoninarum. 85 
SUMMARY AND CONCLUSIONS
General
(1)  Measuring optical density was an effective way to predict 
the number of bacterial  colony forming  units  in  cultures  of 
Renibacterium salmoninarum. 
(2)  The Renibacterium  salmoninarum strain D-6 was the most 
virulent of the six  strains tested and caused the highest percent 
mortality and the shortest mean day to death. 
Detection and Quantification 
(1)  The quantitative, fluorescent antibody technique had equal 
sensitivity  as  the enzyme-linked immunosorbent assay but was 
more sensitive than the direct, fluorescent antibody technique. 
(2)  'Bar  forms'  were observed when lower doses  of  live 
Renibacterium salmoninarum cells were injected intraperitoneally 
into test animals. 
(3)  'Bar forms' were observed in fish which were treated with 
erythromycin and survived bacterial challenge by intraperitoneal 
injection with Renibacterium salmoninarum. 86 
Detection and Quantification (cont.) 
(4)  'Bar forms' were observed in fish intraperitoneally injected 
with irradiation-inactivated Renibacterium salmoninarum cells. 
(5)  'Bar forms' were not observed in fish infected with greater 
than  1000 Renibacterium  salmoninarum cells per 100 oil 
immersion fields  at 1000x magnification. 
(6)  No  'bar  forms'  were  detected  when Renibacterium 
salmoninarum cells were observed in  vitro  with  or without 
antibiotics  present. 
(7)  'Bar forms' were not detected in vitro when Renibacterium 
salmoninarum cells were observed after cultures were killed. 
Chemotherapy 
(1)  Sarafloxacin  incorporated  into  daily  ration  did  not 
effectively control Renibacterium salmoninarum infection. 
(2)  Erythromycin had a minimum inhibitory  concentration  of 
0.5 mg per L against eight strains of Renibacterium  salmoninarum 
in vitro and was determined to be bactericidal. 87 
Chemotherapy (cont.)
(3)  The  antibiotic,  A-77143,  had  a  minimum  inhibitory 
concentration  of  0.5  mg  per  L  against  eight  strains  of 
Renibacterium  salmoninarum in vitro and was determined to be 
bactericidal. 
(4)  The  sooner  the  intraperitoneal  administration  of 
erythromycin after infection and the higher the dose, the more 
effective was the chemotherapy  in  controlling Renibacterium 
salmoninarum. 
(5)  The administration  of erythromycin,  either  orally  or  by 
intraperitoneal injection, decreased the mortality in the naturally 
infected populations of spring chinook smolts. 88 
BIBLIOGRAPHY
Arakawa, C.K., J.E. Sanders, and J.L. Fryer. 1987. Production of 
monoclonal antibodies against Renibacterium  salmoninarum. 
J. Fish Dis. 10:249-253. 
Austin, B., T.M. Embley, and M. Goodfellow. 1983. Selective 
isolation of Renibacterium salmoninarum. FEMS Microbiol. 
Lett. 17:111-114. 
Austin, B.J. and N. Rayment. 1985. Epizootiology of Renibacterium 
salmoninarum, the causative agent of bacterial kidney 
disease in salmonid fish. J. Fish Dis. 8:505-509. 
Austin, B., D. Bucke, S. Feist, and J. Rayment. 1985. A false positive 
reaction in the indirect fluorescent antibody test for 
Renibacterium salmoninarum. Bull. Eur. Assoc. Fish 
Pathol. 5:8-9. 
Austin, B. 1985. Evaluation of antimicrobial compounds for the 
control of bacterial kidney disease in rainbow trout Salmo 
gairdneri Richardson. J. Fish Dis. 8:209-220. 
Banner, C.R., J.S. Rohovec, and J.L. Fryer. 1982. A rapid method for 
labeling rabbit immunoglobulins with fluorescein for use in 
detection of fish pathogens. Bull. Eur. Assoc. Fish Pathol. 
2:35-37. 
Bell, G.R., D.A. Higgs, and G.S. Traxler. 1984. The effect of dietary 
ascorbate, zinc, and manganese on the development of 
experimentally induced bacterial kidney disease in sockeye 
salmon. Aquacult. 36:293 -311. 
Belding, D.L. and B. Merrill. 1935. A preliminary report upon a 
hatchery disease of the Salmonidae. Trans. Am. Fish. Soc. 
65:76-84. 89 
Bruno, D.W. 1987. Serum agglutinating titers against Renibacterium
salmoninarum the causative agent of bacterial kidney 
disease, in rainbow trout, Salmo gairdneri Richardson, and 
Atlantic salmon, Salmo salar. J. Fish Biol. 30:327-334. 
Bruno, D.W. 1990. Presence of a saline extractable protein 
associated with virulent strains of the fish pathogen, 
Renibacterium salmoninarum. Bull. Eur. Assoc. Fish Pathol. 
10:8-10. 
Bullock, G.L., R.L. Garrison, J.S. Rohovec, and J.L. Fryer. 1974. 
Control of vibriosis and corynebacterial kidney disease in 
cultured fishes. Salmonid Diseases. 4:9-13. 
Bullock, G.L. and H.M. Stuckey. 1975. Fluorescent antibody 
identification and detection of the Corynebacterium causing 
kidney disease of salmonids. J. Fish. Res. Board Can. 32:2224­
2227. 
Bullock, G.L., G.R. Griffin, and H.M. Stuckey. 1980. Detection of 
Corynebacterium  salmoninus by direct fluorescent antibody 
test. Can. J. Fish. Aquat. Sci. 37:719-721. 
Chen, P.K., G.L. Bullock, H.M. Stuckey, and A.C. Bullock. 1974. 
Serological diagnosis of corynebacterial kidney disease of 
salmonids. J. Fish. Res. Board Can. 31:1939-1940. 
Cipriano, R.C., C.E. Starliper, and J.H. Schachte. 1985. Comparative 
sensitivities of diagnostic procedures used to detect bacterial 
kidney disease in salmonid fishes. J. Wildl. Dis. 21:144-148. 
Cvitanich, J. 1987a. Renibacterium salmoninarum "Bar Forms": 
Evidence of a host response to bacterial kidney disease 
infection. Abstracts from Fish Immunology Symposium, 
Fisheries Soc. of British Isles, Plymouth Polytechnic. 
Cvitanich, J. 1987b. Renibacterium salmoninarum "Bar forms" and 
their assessment by Quantitative FAT. FHS/AFS Newsletter 
15(1):4. 90 
Cvitanich, J.  1988. Predicting minimum mortality due to bacterial 
kidney disease. Informal talk at the Western Fish Disease 
Workshop. 
Daly, J.G. and R.M.W. Stevenson. 1985. Charcoal agar, a new growth 
medium for the fish disease bacterium Renibacterium 
salmoninarum. Appl. Environ. Microbiol. 50(4 ):868-871 . 
Daly, J.G. and R.M.W. Stevenson. 1987. Hydrophobic and 
hemagglutinating properties of Renibacterium salmoninarum. 
J. Gen. Microbiol. 1:163-164. 
Daly, J.G. and R.M.W. Stevenson. 1990. Characterization of the 
Renibacterium salmoninarum haemagglutinin. J. Gen. 
Microbiol. 136:949-953. 
Dubreuil, D., R. Lallier, and M. Jacques. 1990. Immunoelectron 
microscopic demonstration that Renibacterium salmoninarum 
is encapsulated. FEMS Micro Letters. 66:313 -316. 
Dubreuil, D., M. Jacques, L. Graham, and R. Lallier. 1990. 
Purification, and biochemical and structural characterization 
of a fimbrial haemagglutinin of Renibacterium 
salmoninarum. J. Gen. Microbiol. 136:2443-2448. 
Easmon, C.S.F. and J.P. Crane. 1983. Uptake of ciprofloxacin by 
human neutrophils. J. Antimicrob. Chemother. 23:284 -288. 
Elliott, D.G. and T.Y. Barila. 1987. Membrane filtration-fluorescent 
antibody staining procedure for detecting and quantifying 
Renibacterium salmoninarum in coelomic fluid of chinook 
salmon (Oncorhynchus tshawytscha). Can J. Fish. Aquat. Sci. 
44:206-210. 
Evelyn, T.P.T. 1977. An improved growth medium for the kidney 
disease bacterium and some notes on using the medium. Bull. 
Off. Int. Epizoot. 87:511-513. 91 
Evelyn, T.P.T., J.E. Ketcheson, L. Prosperi-Porta. 1984. Further 
evidence for the presence of Renibacterium  salmoninarum in 
salmonid eggs and for the failure of povidone-iodine to 
reduce the intra-ovum infection rate in water-hardened 
eggs. J. Fish Dis. 7:173-182. 
Evelyn, T.P.T., J.E. Ketcheson, L. Prosperi-Porta. 1986a. Use of 
erythromycin as a means of preventing vertical transmission 
of Renibacterium salmoninarum. Dis. Aquat. Org. 2:7-11. 
Evelyn, T.P.T., J.E. Ketcheson, L. Prosperi-Porta. 1986b. 
Experimental intra-ovum infection of salmonid eggs with 
Renibacterium salmoninarum and vertical transmission of 
the pathogen with such eggs despite their treatment with 
erythromycin. Dis. Aquat. Org. 1:197-202. 
Evelyn, T.P.T. 1988. Bacterial kidney disease in British Columbia, 
Canada: comments on its epizootiology and methods for its 
control on fish farms. In: AQUA NOR 87 Trondheim 
International Conference, Norske Fiskeoppdretteres Forening 
Fiskeoppdretternes Salgslag A/L, Trondheim, Norway. 51-57. 
Evelyn, T.P.T., J.E. Ketcheson, L. Prosperi-Porta. 1988. Trials with 
anti-bacterial kidney disease vaccines in two species of 
Pacific salmon. In: Conference Handbook, International Fish 
Health Conference, Vancouver, B. C., Canada, 1988. Fish 
Health Section, American Fisheries Society, Washington, 
D. C.. 38. 
Evenson, M.D. 1982. Evaluation of erythromycin for control of 
bacterial kidney disease in spring chinook salmon at Cole 
Rivers Hatchery. In: Proceedings of the 33rd Northwest Fish 
Culture Workshop, Gleneden Beach, Oregon, 1982, U.S. Dept. 
of Commerce, National Marine Fisheries Service, Portland, 
Oregon. 187-193. 
Fass, R.J. 1985. The quinolones. Ann. Intern. Med. 102:400-402. 92 
Fernandes, P.B., D.T.W. Chu, R.R. Bower, K.P. Jarvis, N.R. Ramer, and 
N. Shipkowitz. 1986. In vivo evaluation of A-56619 
(Difloxacin) and A-56620, new aryl-fluoroquinolones. 
Antimicrob. Agents Chemother. 29:201-208. 
Fryer, J.L. and J.E. Sanders. 1981. Bacterial kidney disease of 
salmonid fish. Ann. Rev. Microbiol. 35:273-298. 
Flatow, R.E. 1981. High dosage ultraviolet water purification: an 
indispensable tool for recycling, fish hatcheries and heated 
effluent aquaculture. In: Tiews, K (ed.) Aquaculture in heated 
effluents and recirculation systems, Vol. 1, H. Heenemann, 
Berlin. 455-466. 
Getchell, R.G., J.S. Rohovec, and J.L. Fryer. 1985. Comparison of 
Renibacterium salmoninarum isolates by antigenic analysis. 
Fish Pathol. 20:149-159. 
Groman, D.B. and G.W. Klontz. 1983. Chemotherapy and prophylaxis 
of bacterial kidney disease with erythromycin. J. World 
Maricult. Soc. 14:226-235. 
Hendricks, J.D. and S.L. Leek. 1975. Kidney disease postorbital 
lesions in spring chinook salmon (Oncorhynchus 
tshawytscha). Trans. Am. Fish. Soc. 104:805-807. 
Kayser, F.H. 1985. The quinolones: modes of action and mechanism 
of resistance. Res. Clin. Forum. 7:17-27. 
Kimura, T. and M. Yoshimizu. 1981a. Rapid method for detection of 
bacterial kidney disease of salmonid (BKD) by coagglutination 
of antibody sensitized protein A-containing staphylococci. 
Bull. Jap. Soc. Scient. Fish. 47:1173-1183. 
Kimura, T. and M. Yoshimizu. 1981b. A coagglutination test with 
anti-sensitized staphylococci for rapid and simple diagnosis 
of bacterial kidney disease (BKD). Devel. Biol. Stand. 49: 
13 5-14 8. 93 
Klontz, G.W. 1983. Bacterial kidney disease in salmonids: an 
overview. In: Anderson, D., P. Dorson, M. Dubourget, Ph (eds.) 
Antigens of fish pathogens: development and production for 
vaccines and serodiagnostics. Collection Foundation Marcel 
Merieus, Lyon. 177-199. 
Laid ler, L.A. 1980. Detection and identification of bacterial kidney 
disease (BKD) organism by the indirect fluorescent antibody 
technique. J. Fish Dis. 3:67-69. 
McCarthy, D.H., T.R. Croy, D.F. Amend. 1984. Immunization of 
rainbow trout, Salmo gairdneri Richardson, against bacterial 
kidney disease: preliminary efficacy evaluation. J. Fish Dis. 
7:65-71. 
Mitchum, D.L., L.E. Sherman, and G.T. Baxter. 1979. Bacterial kidney 
disease in feral populations of brook trout (Salvelinus 
fontinalis), brown trout (Salmo trutta), and rainbow trout 
(Salmo gairdneri). J. Fish. Res. Board Can. 36:1370-1376. 
Mitchum, D.L. and L.E. Sherman. 1981. Transmission of bacterial 
kidney disease from wild to stocked hatchery trout. Can. J. 
Fish. Aquat. Sci. 38:547-551. 
Moellering, R.C. 1987. Norfloxacin, a fluoroquinolone carboxylic 
acid antimicrobial agent. Am. J. Med. 82:1-17. 
Moffitt, C.M. and T.C. Bjornn. 1989. Protection of chinook salmon 
smolts with oral doses of erythromycin against acute 
challenges of R. salmoninarum. J. Aquat. Anim. Health. 1: 
227-232. 
Mulcahy, D. 1983. Control of mortality caused by infectious 
hematopoietic necrosis virus. In: Leong, J.C., Bari la, T.Y. (eds.) 
Proceedings of a workshop on viral diseases of salmonid 
fishes in the Columbia River basin, October 7-8, 1982. 
Bonneville Power Administration, Portland, Oregon, Spec. 
Publ. 51-71. 94 
Pascho, R.J., D.G. Elliott, R.W. Mallets, and D. Mulcahy. 1987. 
Comparison of five techniques for the detection of 
Renibacterium salmoninarum in adult coho salmon. Trans. 
Am. Fish. Soc. 11:882-890. 
Pascho, R.J. and D. Mulcahy. 1987. Enzyme-linked immunosorbent 
assay for a soluble antigen of Renibacterium  salmoninarum, 
the causative agent of bacterial kidney disease. Can. J. Fish. 
Aquat. Sci. 44:183-191. 
Paterson, W.D., C. Gallant, D. Desautels, and L. Marshall. 1979. 
Detection of bacterial kidney disease in wild salmonids in the 
Margaree River system and adjacent waters using an indirect 
fluorescent antibody technique. J. Fish. Res. Board Can. 
36:1464-1468. 
Paterson, W.D., S.P. La 11, D. Airdrie, P. Greer, G, Greenham, M. Poy. 
1985. Prevention of disease in salmonids by vaccination and 
dietary modification. Fish Pathol. 20:427-434. 
Piper, R.G. 1961. Toxic effects of erythromycin thiocyanate on 
rainbow trout. Progressive Fish -Culturist. 23 :134-135 . 
Sakai, M., G. Koyama, S. Atsuta, and M. Kobayashi. 1987. Detection 
of Renibacterium salmoninarum by a modified peroxidase­
antiperoxidase (PAP) procedure. Fish Pathol. 22:1-5. 
Sakai, M., S. Atsuta, and M. Kobayashi. 1989. Comparison of 
methods used to detect Renibacterium salmoninarum, the 
causative agent of bacterial kidney disease. J. Aquat. Anim. 
Health. 1:21 -24. 
Sanders, J.E., K.S. Pilcher, and J.L. Fryer. 1978. Relation of water
temperature to bacterial kidney disease in coho salmon
(Oncorhynchus kistuch), sockeye salmon (0. nerka), and
steelhead trout (Salmo gairdneri). J. Fish. Res. Board Can.
35:8-11.
Smith, I.W. 1964. The occurrence and pathology of Dee disease.
Freshwater Salmon Fish. Res. 34:3-12.95 
Stamm, J.M., C.W. Hanson, D.T.W. Chu, R. Bailer, C. Vojtko, and P.B. 
Fernandes. 1986. In vitro evaluation of A-56619 and A­
56620, new aryl-fluoroquinolones. Antimicro. Agents 
Chemother. 29:193-200. 
Turaga, P., G. Wiens, and S. Kaattari. 1987. Bacterial kidney disease: 
the potential role of soluble protein antigen(s). J. Fish Biol. 
31(Suppl. A):191-194. 
Wedemeyer, G.A. and N.C. Nelson. 1977. Survival of two bacterial 
fish pathogens (Aeromonas salmonicida and the enteric 
redmouth bacterium) in ozonated, chlorinated, and untreated 
waters. J. Fish. Res. Board Can. 34:429-432. 
Weins, G.D. and S.L. Kaattari. 1989. Monoclonal antibody analysis of 
common surface protein(s) of Renibacterium  salmoninarum. 
Fish Pathol. 24 (1 ): 1-7 . 
Weins, G.D. and S.L. Kaattari. 1991. Monoclonal antibody 
characterization of a leukoagglutinin produced by 
Renibacterium salmoninarum. Infect. Immun. 
59:631-637. 
Wolf, K.E. and C.E. Dunbar. 1959. Test of 34 therapeutic agents for 
control of kidney disease in trout. Trans. Am. Fish. Soc. 
88:117-124. 
Wood, J.W. and J. Wallis. 1955. Kidney disease in adult chinook 
salmon and its transmission by feeding to young chinook 
salmon. Res. Briefs, Fish Comm. Oreg. 6:32-40. 
Young, C.L. and G.B. Chapman. 1978. Ultrastructural aspects of the 
causative agent and renal histopathology of bacterial kidney 
disease in brook trout (Salvelinus fontinalis). J. Fish. Res. 
Board Can. 35:1234-1248. 